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SPASM INDUCED BY WALKING 
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HE syndrome of intermittent claudication as a result of arterial 

spasm alone has been regarded as unlikely by most students of the 
peripheral circulation. With two exceptions, the existence of such a 
syndrome has been ignored almost entirely in textbooks on vascular 
diseases and other medical writings. In 1922, Thomas,’ a Frenchman, 
wrote that a brief period of arterial spasm after muscular exercise was 
noted in some eases in which the circulation was otherwise normal and 
that this spasm was followed immediately by vascular dilatation. Pearl,’ 
in 1937, reported six cases in which there were symptoms of arterial in- 
sufficiency caused by arterial spasm. In his cases, the onset of pain was 
definitely associated with acute ischemia of the feet and diminution or 
disappearance of pulsations in the arteries of the feet as a result of 
exercise. Relief of pain coincided with return of normal color of the 
skin and pulsations of the arteries. In all of the cases reported by 
Pearl, normal or nearly normal vasodilatation occurred as a result of 
anesthetization of peripheral nerves. There have been reports of other 
cases of intermittent claudication, with a normal vasodilatation response 
and normal pulsations in the peripheral arteries, but the authors fail to 
state whether or not pulsations in the arteries disappeared as a result 
of walking.** Veal® has shown by arteriographie studies that inter- 
mittent claudication may affect patients whose large arteries are patent 
throughout their course and have normal lumens. He felt that the de- 
fect in the cireulation which caused intermittent claudication was in the 
small arterial branches, which were few in number, irregularly dis- 
tributed, and considerably shorter than normal. We have ordinarily 
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considered this the explanation for the intermittent claudication which 
affects patients whose circulation seemed normal during rest.? The syn- 
drome of intermittent claudication as a result of arterial spasm induced 
by exercise is unusual, for almost invariably exercise causes arterial dila- 
tation instead of spasm.** 

In the past year we have observed four patients who had this syn- 
drome. 

REPORT OF CASES 

CasE 1.—A man, aged 44 years, first registered at the Clinic in 1935, At that 
time the patient complained primarily of epigastric distress suggestive of ulcer, 
but he also stated that for two years prior to registration he had noted a peculiar 
type of muscular exhaustion in the entire left leg which was precipitated by 
strenuous walking and promptly relieved by resting. Examination did not disclose 
evidence of neurologic disease, and the arteries of the lower extremities pulsated 
normally. Because of the mild character of the symptoms, further investigations 
were not made. 


2 
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+ LEVIN'S PATENT NO. 1.649 


Fig. 1.—Case 1. Oscillometric records taken above the ankle; upper record, normal 
arterial pulsations when the patient was at rest; lower record, almost complete ab- 
sence of arterial pulsations forty-five seconds after cessation of exercise. 


The patient returned to the Clinic in 1939; he complained primarily of weakness 
which involved both legs and the trunk caudad to the level of the third lumbar 
vertebra. The weakness was present only after walking approximately 100 yards 
(91 meters) and was so severe that he was forced to stop for about a minute; the 
weakness then would disappear completely. By slowing his pace, he was able to 
walk indefinitely. 

General physical examination disclosed nothing abnormal, with the exception 
of the peripheral circulation. The pulsations of the dorsalis pedis and posterior 
tibial arteries were normal when the patient was at rest. After exercise, pulsations 
in these arteries disappeared entirely, but reappeared about a minute after cessation 
of exercise. When the patient was at rest, a systolic murmur was audible over the 
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lower portion of the abdomen; its maximal intensity was at the midline just below 
the umbilicus, and its maximal transmission was to the femoral arteries. After 
exercise, a thrill was palpable over these arteries. The results of oscillometric 
studies made just below the knees confirmed the clinical observations (Figs. 1 
and 2). Pulsations disappeared entirely after the patient walked up and down 
stairs rapidly for a minute; the return of pulsations corresponded roughly to the 
disappearance of symptoms. Surprisingly, the weakness of which he complained 
did not result from the exercise. Laboratory examination was essentially negative. 

As a result of an intravenous injection of 25,000,000 killed typhoid bacilli, 
the temperature of the skin of the toes of the right and left feet increased from 
25.2 to 34° C., and from 25.4 to 34.2° C., respectively. We consider that these 
increases in the temperature of skin as a result of fever induced by typhoid 
vaccine indicate a normal arterial circulation. When the patient still had fever 
and the temperature of the skin of the first toes was maximal, exercise induced 


arterial spasm. 
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Minutes after exercise 
Fig. 2.—Case 1. Oscillometric deviations, taken above the ankle, of 6 units before 
exercise indicate normal arterial pulsations, and complete absence of oscillations im- 


mediately after exercise indicate absence of arterial pulsations. The pulsations, how- 
ever, gradually returned to normal eight minutes after cessation of exercise. 


The patient returned to the Clinic in April, 1940. He stated that since his 
last examination he had had rather severe and constant lumbar backache; two 
attacks of severe pain had occurred suddenly in the lumbosacral region; this pain 
had been crampy in character and so severe that he had gone to bed. The first 
attack had lasted an hour, and the second one, ten days. 

Results of general physical examination were negative except for the circulation 
in the legs. Calcification of the abdominal aorta was evident roentgenologically. 
Pulsations were normal in the radial and ulnar arteries, moderately diminished in 
both femoral and the left popliteal arteries, greatly diminished in both posterior 
tibial and left dorsalis pedis arteries, and absent in the right popliteal and dorsalis 
pedis arteries. A systolic bruit was audible over the abdominal aorta. 

A tentative diagnosis of dissecting aneurysm of the abdominal aorta was made.9 
That such a condition might be present was suggested by the systolic murmur 
over the aorta in the lower portion of the abdomen, by the two attacks of severe 
pain, by occlusion of arteries of the legs which had not been occluded at the time 
of the first examination of the patient, and by the roentgenologic evidence of 
sclerosis of the abdominal aorta which was noted after the second examination. 
The presence or absence of dissecting aneurysm could be determined, of course, only 
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at necropsy. Whatever the etiology of the spasm of the arteries of the lower 
extremities, the spasm unquestionably caused the syndrome of intermittent claudi- 
sation. 

CasE 2.—A Jewish man, aged 32 years, was examined at the Clinic in January, 
1940. The patient had had swelling of both legs during the five years prior to 
registration. This was the result of thrombosis of the inferior vena cava, which 
had occurred in the course of convalescence from pneumonia. In addition, inter- 
mittent claudication had been present in the right calf for five years and in the 
left calf for two years. Walking 100 to 500 yards (91 to 462 meters) produced 
the distress, and rest relieved it in about a minute. It never occurred during rest 


or standing. 


Fig. 3.—Case 2. Oscillometric records taken above the ankle; wpper record, normal 


arterial pulsations when the patient was at rest; lower record, almost complete ab- 
sence of arterial pulsations about one minute after cessation of exercise. 


an extensive collateral venous circulation that involved 
abdomen, and the thorax to a level 2 inches (5 em.) 
The arteries of the lower extremities pulsated 


On physical examination, 
both lower extremities, the 
above the nipple line was noted. 
normally except that pulsations could not be felt in either dorsalis pedis artery. 
As a result of walking rapidly for about a minute, pulsations in the posterior 
tibial arteries disappeared, but returned to normal after about four minutes of 
The results of routine laboratory study were negative except for serologic 
for syphilis, which were equivocal and were not regarded as significant. 


rest. 
tests 
Roentgenologic examination of the thorax disclosed nothing abnormal. 

The results of oscillometric studies made just above the ankles confirmed the 
clinical observation of diminished arterial pulsations as a result of walking (Fig. 
3). Walking caused the normal increase in pulsations in the region of the calf of 
the leg. Intramuscular injections of a complex pancreatic preparation (padutin) 
and the oral administration of alcohol, alone or in combination with the applica- 
tion of a rubber bandage to the legs, were found to increase the distance the 
patient could walk before claudication occurred. The use of the rubber bandage 
alone had an opposite effect. The claudication was invariably accompanied by a 
definite absence of pulsation in the posterior tibial arteries, as ascertained by 
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palpation. Decreased oscillations were also invariably associated with the inter- 
mittent claudication, and, as the symptoms disappeared with rest, the pulsations 


were found to return to normal. 


CASE 3.—A man, aged 32 years, registered at the Clinic in January, 1940. The 
patient complained chiefly of chronic venous insufficiency which resulted from 
thrombophlebitis of the right leg after an appendectomy in 1951. He also com- 
plained of cramping distress of the right calf, which occurred after walking four 
or five blocks or on prolonged standing. The distress was relieved by resting 
for ten minutes and could be prevented by wearing a tight bandage on the calf. 
The distress was not characteristic of intermittent claudication; indeed, it seemed 
more probable that it was caused by the chronic venous insufficiency. However, 
if the patient walked, the pulsations in the right dorsalis pedis and posterior 
tibial arteries disappeared and could not be felt for about a minute after cessa- 
tion of exercise, whereas pulsations in the same arteries in the left leg were 


unchanged as a result of walking. 


CASE 4.—A man, aged 60 years, registered at the Clinic in March, 1940. For 
fifteen years he had had rather mild, low back pain, with extension to both hips. 
Two years prior to examination the pain had become sharp and rather severe and 
had begun in both gluteal regions, with extension upward to the lumbar region 
and to both hips and thighs. The distress, which was associated with a pulling 
sensation in both calves, was produced only by walking and was relieved almost 
immediately on stopping. The results of general physical examination were 
negative except for abnormalities relative to the arteries of the legs. When the 
patient was at rest, all of the arteries pulsated normally. After walking, which 
produced pain, the skin of the left foot became pale and the veins collapsed. The 
right foot remained normal in these respects. When the feet were elevated, there 
was moderate pallor of the skin of the left foot, and, when the feet were dependent, 
normal color returned slowly to the left foot. A soft, blowing, systolic bruit was 
audible over the abdomen 2 to 3 em. below the umbilicus. This bruit was well 
localized during rest, but after exercise it was transmitted to both femoral regions. 

Routine laboratory examinations of the blood and urine revealed no abnormali- 
ties. The lipoids in the blood, in milligrams per 100 e.c. of whole blood, were 
as follows: cholesterol, 235; cholesterol esters, 146; lecithin, 225; fatty acids, 376; 
and total lipoids, 611. Roentgenologic examination of the thorax revealed nothing 
abnormal; roentgenologic examination of the lumbar portion of the spinal column 
revealed hypertrophic changes and calcification of the abdominal aorta. When 
the patient rested in a room in which the temperature was 32.2° C., the tempera- 
ture of the skin of the first and third toes of the right foot increased to 35° C. 
and 34.4° C., respectively, and the temperatures of the first and third toes of the 
left foot were 33.9° C. and 33.2° C., respectively. These studies indicated im- 
paired circulation to the left foot. The results of examination with the oscillom- 
eter were normal for the right leg, both at rest and after exercise. Pulsations in 
the left calf were definitely diminished in periods of rest and after exercise were 
absent for approximately a minute. 


COMMENT 


We feel that the distress of these four patients was the result of 
diminished blood flow to the extremities. The diminution of blood flow 
definitely resulted from spasm of arteries, but we cannot explain why 
spasm occurred, for the usual arterial response to exercise is arterial 
dilation. However, systolic bruits were heard over the abdominal aortas 
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in Cases 1 and 4. Since the discovery of the bruit in Case 1, one 
of us (Leary) has examined routinely all patients for its presence, with 
entirely negative results. It seems to us, therefore, that such bruits in- 
dicate the presence of arterial disease. Roentgenograms of the ab- 
dominal aortas of these two patients revealed calcification. The simi- 
larity of the murmurs in Cases 1 and 4 to those produced by proved 
aneurysms was striking and caused us to suspect that such a lesion 
existed in each case. Since an aneurysm may cause interference with 
peripheral blood flow, it may be concluded that the circulatory disturb- 
ance observed in these cases was caused by an aneurysm, but just how 
such a disturbance is provoked remains unexplained. 

The other two patients had had thrombophlebitis, and, at the time of 
examination at the Clinic, had chronie venous insufficiency. It occurred 
to us that venous obstruction might cause arterial spasm during exer- 
cise, but, when we had eight normal subjects run with the venous cireula- 
tion obstructed by means of a tourniquet about the thigh, the pulsations 
in the arteries of the foot did not decrease or disappear. Also, one of us 
(Leary) studied the peripheral arterial pulsations, by means of an 
oscillometer, of twenty-five normal subjects and of eight patients who 
had chronie occlusive arterial diseases, both before and after exercise. 
In each ease the arterial pulsations remained unchanged or actually 
increased as a result of exercise. 

Acute thrombophlebitis occasionally causes absence of arterial pulsa- 
tions in the affected extremity as a result of arterial spasm provoked 
by phlebitis. This arterial spasm apparently results from proximity to 
inflammation or from extension of inflammation from a vein to an artery. 
Such arterial spasm is, however, transient, and, in our experience, lasts 
but a few hours at the most. It is probable, however, that the residue 
of acute thrombophlebitis produced a ‘‘reverse sensitivity’’ of the ar- 
teries in our two eases, so that they contracted, instead of dilated, when 
the patient exercised. As far as is known, this is a new observation 
relative to arterial spasm. The exact explanation, however, remains 
obseure, although the clinical facts are impressive. Intermittent claudi- 
cation can occur when patients walk because the arteries to the legs 
contract rather than dilate. This paradoxical reaction of arteries has, 
in our experience, indicated some disease of the arteries or veins. When- 
ever a patient relates a conclusive story of intermittent claudication, 
the physician must not exclude occlusive arterial disease as the cause 
of it because the arterial pulsations are normal, but he must suspect 
that the symptom of intermittent claudication is due to arterial spasm 
induced by walking, and he must study the pulsations in the arteries, 
both before and after exercise. If he fails to find evidence of a para- 
doxieal reaction of the arteries, he may then consider localized oblitera- 
tion of smaller arteries, as deseribed by Veal. 
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SYSTOLIC GALLOP RHYTHM 


SHIGEAKI M.D. 
Kyoto, JAPAN 


INCE Ciffer and Barbillon' first described systolic gallop rhythm, 

in 1887, other investigators have dealt with it. Systolic gallop 
rhythm is produced when an extra sound falls between the first and the 
second heart sounds. As to the extrasystolie sounds, various authors 
have ineluded different sounds under this designation. 

Systolic gallop rhythm is divided into three classes, as follows: (1) 
so-called systolic gallop rhythm (Potain,? Wolferth and Margolies*), 
(2) systolie click, and (3) systolie pericardial knock. 

Potain? observed systolic gallop rhythm in cases of typhoid fever, 
typhoidlike influenza, and arteriosclerosis with aortic atheroma. He 
stated that the extra sound was heard best over the aortie area, and 
regarded it as an arterial phenomenon caused by diminished elasticity 
and tonicity of the aorta. He recognized systolic gallop rhythm solely 
by auscultation, but Wiedemann‘ and Wolferth and Margolies* obtained 
graphie records of systolic gallop rhythm, and established proof of its 
existence, as designated by Potain. 

According to Wolferth and Margolies,* there are at least two types 
of systolic gallop sound, exclusive of various other types of sounds 
which may fall between the first and the second heart sounds, namely, 
aortic systolic gallop rhythm and apieal systolic gallop rhythm; 
in the former the extra sound is heard best over the aortic area, as de- 
scribed by Potain? and Pawinski,’® and in the latter it is heard best over 
the apex. They stated that the extra sound in aortie systolic gallop 
rhythm is produced in the aorta, that is to say, it is caused by sudden 
cheeking of the distention of the aortic wall during systole or by impact 
of the aorta against surrounding structures at that instant. They recog- 
nized this kind of extra sound in cases of hypertensive cardiovascular 
disease, aortie insufficiency, and miliary tuberculosis. As to the apical 
systolic sound, they stated that the impact of the cardiae apical region 
against the chest wall may be concerned in the mechanism of its produc- 
tion. 

The character of the systolie click is quite different from the systolic 
gallop sound mentioned above. It is a kind of crepitant noise of very 
short duration, and usually it is high pitched. Gallavardin® and Johns- 
ton’ stated that the click is caused by tugging on pleuropericardial ad- 

From the Third Medical Clinic of Kyoto Imperial University. Director, Professor 
Toshikazu Mashimo, M.D. 
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hesions during systole, and it was called by Lian and Deparis® ‘‘le 
claquement meso-systolique pleuropericardique.’’ This extra sound has 
no clinical significance and has nothing to do with organic heart dis- 
eases. According to Johnston,’ it is of maximum intensity at or near 
the apex, and its loudness changes with respiration or shift of position. 

As to the extra sound which produces systolie gallop rhythm, there 
is another type, called the pericardial knock, which has many features 
in common with the systolie click. Pericardial knock has been the sub- 
jeet of research by various authors, including Rees and Hughes,’ Smith,’° 
Munden,"! and Lister.'* It is a short sound, and commonly louder than 
the click. This sound is heard occasionally after spontaneous left-sided 
pneumothorax, or during the therapeutic induction of left-sided pneumo- 
thorax. It is heard best at the apex and is influenced by respiration and 
by position. According to Barnwell and Greene, it is produced when 
a highly active heart whose movement is not limited or cushioned by 
lung tissue strikes either the chest wall or the diaphragm. 

We have been recording heart sounds during the past two years, and 
encountered ten cases of systolic gallop rhythm of various types, as fol- 
lows: 

A. Three eases of systolic click (one patient had mitral disease; two 
had no eardiae disease). 

B. Two eases of systolie pericardial knock (both patients were under 
observation during the induction of left-sided pneumothorax). 

C. Four eases of so-called systolic gallop rhythm (one patient had 
aortic insufficiency; two had mediastinal tumors; and one had a patent 
ductus arteriosus and combined mitral disease). 

D. One ease of auricular systolic gallop rhythm (sinoauricular block 
with nodal extrasystole). 

We shall here report only the cases of systolic gallop rhythm in groups 
Cand D. In group C it was proved that the gallop rhythm was caused 
by a mediastinal tumor in two cases. Moreover, it was shown that there 
may be pulmonie systolic gallop rhythm, as well as aortie and apieal 
systolic gallop rhythm. 

METHOD 


For the graphic registration of the heart sounds we employed Koizumi’s1!4 appa- 
ratus, which is an application of high frequency current. The apparatus consists of 
five components, namely, a microphone, an oscillator, a detector, an amplifier, and 
an oscillograph. As a microphone, the author used a round metal plate (diameter, 
insulated by a mica plate of the same size (thickness, 1 mm.) on one side; 
This microphone is 


3 em.), 


the metal plate was connected to the grid of the oscillator. 
placed over the chest on its insulated side, and fixed by adhesive tape or a bandage. 
The microphone acts as the fixed plate of a condenser microphone, and the oscillating 


chest wall, which is earthed, acts as the oscillating plate of a condenser microphone, 
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Thus the change in electrical capacity between the fixed metal plate and the 
oscillating chest wall is received and magnified. 

The author! inserted an adequate electrical filter into the circuit and caused 
the apparatus to be sensitive to either higher or lower frequency sounds as desired 


(Fig. 1). 


Filter 


Microptione 
<n 


1078/1990 


Fig. 1.—Diagram of the connection. 


For recording the heart sounds through the esophagus, the following method 
was invented by the author.15 For a microphone an insulated piece of metal (length, 
1.5 em.; diameter, 4 mm.) was fixed to the end of a rubber tube similar to a duodenal 
tube. The metal piece was connected to the grid of the oscillator of Koizumi’s 
apparatus by a fine wire through the tube. By having the patient swallow the 
microphone and fixing it at a certain height we can record the oscillations of the 
esophageal wall as the heart sounds; the principle is the same as that of the con- 
denser microphone mentioned above. 

The heart sounds were always recorded in conjunction with Lead IT of the electro- 
eardiogram, and the time markings were at 1499 second intervals. 

REPORT OF CASES 

CASE 1.—R. S. was a 36-year-old woman with aortic insufficiency. She had had 
diphtheria at the age of 10 and rheumatic arthritis at the age of 15. 

The heart was moderately enlarged to the right and left. Over the aortic area, 
the base, and the apex, a systolic murmur and a blowing diastolic murmur were 
heard. A diastolic murmur followed the second aortic sound, and was maximum in 
intensity over the midsternal region. Moreover, an extra sound was heard between 
the first and the second heart sounds over the aortic area and at the apex. A 
capillary pulsation was present. The blood pressure was 160/40. The electrocardio- 
gram showed left ventricular preponderance and evidence of myocardial damage 
(depressed S-T segment in Lead I). 

Fig. 2 shows the heart sound tracings which were recorded over the aortic area. 
The extra sound (G) fell nearly midway between the first and second heart sounds, 
that is to say, 0.23 second after the Q wave and 0.18 second prior to the second heart 
sound. The tracing indicates that it is formed by two oscillations with a frequency 
of 50 per second. 

CasE 2.—M. I. was a 58-year-old woman with a mediastinal tumor. She com- 
plained of cough, hoarseness, and edema of the upper half of her body. These 
symptoms began two months before her admission, 
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Roentgenologic examination of the chest demonstrated a sharply demarcated, 
nonpulsatile mass in the right hilus. The heart was normal in size, and was of the 
dropped type. The aorta was markedly displaced to the left and upward by the 
mediastinal mass. The electrocardiogram showed depression of the S-T segment in 
Leads I and II and evidence of a drop heart. The blood pressure was 105/60. 
The sphygmogram revealed sclerosis of the radial artery. 

Over the aortic area a soft systolic murmur and a weak, systolic, extra sound were 
heard. The heart sounds were recorded over the aortic area and at the apex. 
Systolic gallop rhythm was shown in both tracings. Referring to Fig. 3, the extra 
sound fell in the midsystolic phase, that is to say, 0.2 second after the Q wave and 
0.11 second prior to the second heart sound. The extra sound in Fig. 2 was formed 
by two oscillations of a frequency of 50 to 60 per second, but the extra sound re- 
corded over the apex was lower pitched, with a frequency of 30 to 40 per second, 
and it could not be recognized by auscultation. 


CASE 3.—H. Y. was a 24-year-old man with a mediastinal tumor. He had had 
a cough for a year, which was explained by a doctor as due to a mediastinal tumor. 
Eleven months later it was accompanied by pleuritis exsudativa sinistra. 

Physical examination prior to withdrawal of the pleural effusion showed that the 
apex impulse was not perceptible. The left border of cardiac dullness could not 
be located because of the pleural effusion on the left. The right border extended 
to the right margin of the sternum. The first and the second heart sounds were 
pure. The blood pressure was 120/60. 

Physical examination after 1,000 e.c. of the pleural effusion had been removed 
showed that the left border of cardiac dullness was 2 em. medial to the left nipple 
line, and that the right border was at the midsternal line. The first heart sound 
was somewhat muffled. The blood pressure was 120/40. 

The electrocardiogram revealed a tendency toward right ventricular preponderance 
and evidence of slight myocardial damage. Roentgenologic examination of the 
chest showed a mass in the mediastinum which was diagnosed as a mediastinal 


tumor. 

Heart sounds were recorded twice, that is, before (Fig. 44) and after (Fig. 
4B) removing the pleural effusion. In Fig. 44 an extra oscillation, with a frequency 
of 30 per second, is apparent between the first and second heart sound; it fell 0.18 
second after the Q wave and 0.12 second prior to the second heart sound. In Fig. 4B 
no extra sound was present in the systolic phase. 


CasE 4.—K. Y. was a 16-year-old girl with a patent ductus arteriosus and com- 
bined mitral failure. 

The patient had complained of palpitation since her childhood. At the age of 
15 years she had rheumatic arthritis. For one month previous to entering the hos- 
pital she complained of palpitation and cough and was confined to her bed. 

The heart was greatly enlarged, and the apex impulse was thrusting and heaving 
in the sixth intercostal space 5 em. to the left of the nipple line. The left border 
of cardiac dullness coincided with the apex beat. The right border of dullness was 
just to the right of the sternum. In the pulmonic area, that is, in the second inter- 
costal space near the left of the sternum, abnormal dullness was recognized and 
pronounced thrills were felt. Over the pulmonic area a midsystolic extra sound was 
heard, together with a harsh systolic murmur and a weak diastolic murmur. The 
pulmonic second sound was accentuated. Over the apex a blowing systolic murmur, 
a low-pitched, rumbling, diastolic murmur, and a third heart sound were heard. 
Over the aortic and tricuspid areas and the base, systolic and diastolic murmurs, 
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decreasing in loudness, were heard. But no systolic extra sound was heard over any 
of the auscultatory areas except the pulmonic. When the aorta abdominalis was 
compressed forcibly with the hand, the pulmonic systolic murmur increased in loud- 
ness and the pulmonic second sound became more accentuated. Valsalva’s test was 
positive. 

Roentgenologic examination showed marked enlargement of the cardiac silhouette, 
both to the left and right, and marked prominence of the pulmonary are (Fig. 5). 
The electrocardiogram revealed right ventricular preponderance and evidence of 
coronary insufficiency. The blood pressure was 115/30. Physical exertion caused 
marked elevation of the maximum pressure and depression of the minimum pressure. 


Fig. 5.—Case 4. Roentgenogram taken at the time when the systolic extra sound 
was heard over the pulmonic area and the heart had been failing. Note the promi- 
nence of the pulmonary arc and enlargement of the heart to the left and right. 


In the lung there were moist rales. The liver was enlarged. The physical signs 
were thought to indicate that the patient was suffering from congestive heart failure 
caused by patency of the ductus arteriosus and combined mitral disease. 

Heart sounds were recorded over various auscultatory areas. Over the pulmonic 
area the systolic extra sound was conspicuous (Fig. 6). This extra sound was 
formed of oscillations of a frequency of 132 per second, and it fell 0.19 second after 
the Q wave and 0.19 second prior to the second heart sound. 

The second examination was done a month later, when she had recovered from 
serious cardiac failure, but at this time no systolic gallop rhythm was demonstrated 
in the heart sound tracing. The roentgenogram revealed that the heart was slightly 
diminished in size, and that the pulmonary are was not so conspicuously projected as 


at the first examination. 
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Case 5.—Y. S. was a 36-year-old man with incomplete sinoauricular block and 
nodal extrasystoles. The pulse rate was 40. Except for bradycardia, he had no 
complaint. 

The heart was normal in size and position. A moderately loud systolic murmur 
was heard over the apex and the base. The heart sound and murmurs varied in 
loudness. The electrocardiogram showed partial sinoauricular block, with nodal 
extrasystoles; there was evidence of myocardial damage, and the Q-T interval was 
prolonged to 0.49 second. The blood pressure was 140/70. 

The heart sounds were recorded through the esophagus, as well as over the pre- 
cordium. The esophageal heart sounds were obtained by placing the microphone 
in the esophagus at a distance of 33 em. from the front teeth (Fig. 7B). The 
electrocardiogram revealed that the P wave was not uniform in its occurrence. When 
sinoauricular conduction was prolonged, the P wave was retarded in its occurrence 
and the P-Q interval was shortened. When sinoauricular conduction was blocked, 
the P wave appeared late in the S-T segment because of nodal extrasystoles. 

Fig. 7B shows that the auricular sound corresponds to the P wave. When the P 
wave preceded the Q wave, the auricular sound was recognized as a_ presystolic 
gallop sound; whereas, when the P wave occurred late in the S-T segment, the 
auricular sound was recognized as a systolic gallop sound. The auricular systolic 
gallop sound was transmitted to the precordium also (Fig. 74), but it was not so 


conspicuous there as in the esophagus. 
DISCUSSION 


We have reported five cases of systolic gallop rhythm of various types, 
exclusive of the systolic click and the systolic pericardial knock. Among 
them there were cases of gallop rhythm which was demonstrated solely 
in the sound tracings, and was not recognized by ascultation. 

As to the genesis of systolic gallop rhythm, Potain? stated that it is 
-aused by diminished elasticity and tonicity of the aortie wall. He be- 
lieved that the aortic distension occurred quickly, but ceased suddenly, 
with tension and shock which were responsible for the sound. His theory 
was supported by Wolferth and Margolies,* who stated that systolic 
gallop rhythm, as described by Potain, was found in some eases of hyper- 
tensive cardiovascular disease or aortic insufficiency. 

The patient in Case 1 was suffering from aortic insufficiency, and this 
‘ase may be properly said to belong to the type described by Potain and 
Wolferth and Margolies, but in Cases 2 and 3 there was neither a 
valvular defect nor hypertensive cardiovascular disease. In Case 2 
there may have been sclerosis of the vascular system, but in Case 3 there 
was no sign of arteriosclerosis. A mediastinal tumor was recognized in 
both eases. 

Roentgenologic examination in Case 2 revealed that the aortie are was 
foreed markedly to the upper left part of the heart by a tumor growing 
in the mediastinum. We believe that in this case the extrasystolie sound 
was produced by the sudden checking of distention of the distorted 
aorta. 

In Case 3 systolic gallop rhythm was recognized in the tracing, but 
it could not be detected by auscultation because of the low frequency 
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and small amplitude. This extra sound disappeared after the pleural 
effusion was drained. In this case, also, a mediastinal tumor was recog- 
nized in the roentgenogram. We believe that at the first examination 
the mediastinal tumor and pleural effusion compressed the aorta and the 
heart in such a way that transmission of the aortic pulsation to the 
precordium was facilitated, thus causing a low and weak systolic extra 
sound. 

In Case 4 the patient had congestive heart failure. In this case the 
systolic extra sound was heard over the pulmonie area only, and solely 
during the period when the heart was extremely enlarged and de- 
compensated. The roentgenogram which was taken at the time when 
the systolic extra sound was present showed marked prominence of the 
pulmonary are. The extra sound occurred 0.19 second after the Q wave 
and seemed to correspond with the aortic extra sound. From these 
observations we conclude that the pulmonic systolic sound might be 
produced by sudden checking of the distending movement of the hyper- 
tensive pulmonary artery, or by distention of the ductus arteriosus in 
the midsystolic phase. Wolferth and Margolies* reported two types of 
systolic gallop rhythm, that is, aortic and apical, but the above case 
does not belong to either of them. It may be properly termed a type of 
pulmonie gallop rhythm. 

In Case 5 there was systolic gallop rhythm of an entirely different 
nature, which should be ealled auricular systolie gallop rhythm. The 
author has stated already’ 1 that auricular contraction produces a 
low-pitched sound caused by oscillation of the auricular wall, in any 
phase of the ecardiae eyele. This auricular sound is transmitted better 
to the esophagus than to the precordium. Fig. 5B shows the heart sound 
tracing which was obtained through the esophagus at a distance of 33 
em. from the front teeth, where the left auricle is in contact with the 
esophageal wall. The auricular sound was clearly shown to correspond 
to the P wave. Systolic gallop rhythm was present only when the 
auricular contraction occurred in the midsystolic phase. The genesis of 
this auricular gallop rhythm is very different from that of any other 
types of systolic gallop rhythm hitherto deseribed, and has nothing to 
do with the character or the movement of the aorta, or of the pulmonary 
artery. 

SUMMARY 

1. Five eases of various types of systolic gallop rhythm are reported, 
exclusive of the systolie click and the systolic pericardial knock. 

2. One ease of aortie insufficiency was regarded as belonging to com- 
mon type of systolic gallop rhythm described by Potain and Wolferth 
and Margolies. 

3. Two of the patients had mediastinal tumors. In one case the 
systolic gallop sound was shown to be produced by displacement of 
the aorta by the tumor. In the other case the systolic gallop sound was 
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recorded only when the pleural effusion existed. The tumor and the 
effusion seemed to have something to do with the occurrence of the 


extra sound. 
4. In one ease of patent ductus arteriosus and combined mitral dis- 


ease, systolic gallop rhythm was present temporarily over the pulmonic 
area only. This extra sound appeared to be produced by the pulmonary 
artery or the ductus arteriosus. The author considers it a type of pul- 


monie gallop rhythm. 
5. One ease of systolic gallop rhythm of an entirely different type 


is reported. This gallop sound was caused by interposition of the auricu- 
lar contraction in the midsystolic phase, and it should be called an 
auricular systolic gallop rhythm. It was most conspicuous in records 
made from within the esophagus. 


The author wishes to express his thanks to Pref. T. Mashimo, Dr. M. Maekawa, 
and Dr. H. Koizumi for permission to publish this report, and for their helpful 


criticism. 
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THE ESTIMATION OF CARDIAC OUTPUT FROM BLOOD PRES- 
SURE AND PULSE WAVE VELOCITY MEASUREMENTS 
ON SUBJECTS WITH CARDIOVASCULAR DISEASE 
I. CARDIOVASCULAR DISEASE OTHER THAN AorTIC REGURGITATION 


H. C. Bazert, M.D., L. B. Laruace, M.D., anv J. C. Scorr, Px.D. 
PHILADELPHIA, PA. 


N A PREVIOUS report from this laboratory,’ it was shown that the 

stroke volume of the heart may be ealeulated for normal subjects by 
means of empirical equations, utilizing data obtained from optical records 
of arterial pressure, pulse wave velocity, and shape of the pulse, together 
with assumed volumes for the larger arteries. Estimates of cardiac out- 
put which corresponded closely with those obtained by the acetylene 
method were obtained on subjects of varying size and age and in the 
presence of physiologic variations in the cardiovascular system induced 
by meals,? hot and cold baths,* and change of position. The present 
report is concerned with the estimation of cardiae output by this method 
on subjects with disease of the cardiovascular system other than aortic 
insufficiency. 

There is an obvious need for a method by which the cardiae output 
may be ascertained with safety and accuracy on very ill patients. 
Gasometric methods are often not usable in such eases. 


The method is based upon estimates of the pulse pressure and of the distensibility 
of the arterial system. An optical oscillogram is recorded from the upper arm, from 
which are obtained the lateral systolic, dicrotic, and diastolic pressures. Sphygmo- 
grams are recorded simultaneously from the subclavian, brachial, femoral, and 
dorsalis pedis arteries, together with a cardiogram from the upper sternum, From 
these records are obtained the pulse wave velocities from the heart to subclavian 
artery, subclavian to brachial artery, subclavian to femoral artery, and femoral to 
dorsalis pedis artery. From the sphygmogram of the brachial pulse are calculated 
the duration of systole and diastole* and (utilizing the blood pressure values ob- 
tained from the oscillogram) the mean pressure, not only in the whole cycle but 
also in its systolic and diastolic phases. From the subject’s age and surface area 

From the Departments of Physiology of the University of Pennsylvania and 
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of the body the internal cross-sectional area of the ascending aorta is estimated 
(utilizing a graph based upon autopsy data!). Then where: 


V, = Outflow from aorta in systole Q = Cross section of aorta 
Va = Outflow from aorta in diastole A = Surface area of body 
M, = Mean pressure in systole H = Height of body in em. 
M, = Mean pressure in diastole VV, = Qx 0128 

Z = Dicrotie pressure VV, = Q x 618 

D = Diastolic pressure V, = A x 0.065H 

s = Duration of systole V, = A x 0.34H 

d = Duration of diastole 

Vv, = P.W.V., heart to subclavian artery 

v, = P.W.V., subclavian to brachial artery 

v, = P.W.V., subclavian to femoral artery 

v, = P.W.V., subclavian to dorsalis artery 


a (M, - 20) 
(2) Vs = Va 8/d (Mf, — 20) 


(3) Output per beat = V = Va + Vy 
Output per minute = Output per beat x pulse rate 
Output per minute 
Surface area 


Cardiae index = 


The data also permit quantitative evaluation of other factors in the 
cardiovascular system. 

1. Effective Peripheral Resistance-—Since the mean pressure is de- 
termined by the cardiac output and the effective resistance of the 
arterioles, if the first two are known, the arteriolar resistance may be 
expressed quantitatively, ie., as the mean pressure divided by the 
eardiae index. For convenience, this value may be multiplied by 3, 
for, in so doing, the resultant value for normal young subjects is about 
100 (70 to 130). 

2. Effective Distensibility of the Vessels——These measurements are 
obtainable from the equations, for the latter depend upon an estimation 
of the distensibility of the vessels which takes into account the com- 
pensatory effect of the larger aortic capacity of the older subjects. The 
values are expressed as the absolute increase in ml. per mm. Hg increase 
in pressure per square meter of body surface. They are derived from 
equation (1) by omitting Z-D and dividing by the surface area. 

The data available on apparently normal subjects indicate that the 
effective distensibility of the aorta increases with age, until the age of 
about 40, as the result of enlargement of the aorta. Values of the order 
of 0.65 and 0.95 are reached; after the age of 40 or 50 these values 
decrease again, as changes in the walls of the vessels outbalance the 
effects of increased size. On the other hand, the effective distensibility 
of the peripheral vessels progressively decreases with advancing age 
in normal subjects. However, present data are inadequate for the estab- 
lishment of standards. 


(1) Va = 
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3. Work of the Left Ventricle—Since the mean pressure during the 
period of systolic ejection is estimated, a more accurate caleulation of the 
compression work of the left ventricle is possible. Normal values for the 
compression work of the left ventricle in a man of average size may be 
considered as about 4,150 Gm. em. per beat per square meter, and about 
2.9 kilogram meters per minute per square meter. Some improvement 
ean also be attained in the ecaleulation of work done in developing 
kinetie energy. 

4. Time Relations of Ventricular Contraction. 
pulse wave velocities requires determination of the beginning of ven- 
tricular expulsion. This point may be obtained with considerable ac- 


Ystimation of the 


curacy, in our experience, by recording a cardiogram from the upper 
sternum. Such a ecardiogram also affords eriteria by which the duration 
of the various phases of cardiae contraction may be estimated. These 
have additional interest when correlated with the electrocardiogram.® 


METHODS 


Estimates of eardiae output from blood pressures and pulse wave 
velocities were made on fifteen subjects with abnormal cardiovascular 
systems, fourteen of whom were patients in the medical wards of the 
Philadelphia General Hospital, and one of whom was a medical student. 
The total number of observations was twenty-four. On six of the sub- 
jects, estimates of the eardiae output by the acetylene method were also 
made, either immediately after or before the blood pressure measure- 
ments. On the other subjects similar estimates by the acetylene method 
were attempted, but the procedure proved to be beyond their capacity. 
The ease histories of all subjects are outlined. 


In most cases the subjects were examined approximately two to three hours after 
a light breakfast, and after at least forty-five minutes’ rest. Records of blood 
pressure and pulse wave velocity were made in the recumbent posture, unless a semi- 
recumbent posture was necessitated by orthopnea. The electrocardiogram was taken 
on a separate camera, and was synchronized by means of a signal which marked both 
records simultaneously. Measurements of vessel lengths for pulse wave velocity 
estimates were made with the subject completely recumbent. No allowance was 
made for tortuosities. The cardiac output was expressed in relation to the subject’s 
contemporary surface area, as estimated from his weight. On the other hand, the 
volumes of the vessels were estimated from the subject’s normal, rather than con- 
temporary, weight. The difference between the two weights was due to recent 
changes, usually either edema or wasting. 

For acetylene estimates a mixture was used which contained a high oxygen per- 
centage (usually over 14 per cent in the final sample after rebreathing) and an 
initial concentration of about 3 per cent of CO, Three samples were taken for 
analysis, usually after eighteen, twenty-four, and twenty-nine seconds of rebreathing 
in the more ill subjects who were incapable of deep breathing. Oxygen consump- 
tion was measured in a valveless Sanborn machine. 
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CASE REPORTS 


CasE 1.—A male, aged 17 years, had secondary anemia, but no organic heart dis- 
ease. He showed diminished exercise tolerance. He was ambulatory, but was hos- 
pitalized for study. 


CAsE 2.—A female, aged 24 years, had essential hypotension but no organic 
heart disease. She showed normal exercise tolerance and was an apparently healthy 
medical student. Observations were made on two occasions by both methods under 
basal conditions. On the second occasion the subject had had typhoid vaccine one 


and one-half days earlier. 


CASE 3.—A male, aged 28 years, had hypertensive heart disease and cardiac en- 
largement. Severe congestive failure occurred eight years ago and borderline fail- 
ure has been present since then. At present he is ambulatory and is taking digitalis. 


CASE 4.—A male, aged 55 years, had chronie alcoholism and cardiac enlargement. 
He is convalescing from an attack of acute pulmonary edema which occurred two 
months ago. The first attack was one year ago. He was easily breathless. He was 
taking no digitalis. 

CaAsE 5.—A male, aged 55 years, had arteriosclerotic heart disease, aortic sclerosis, 
gastric tumor, and anemia (erythrocyte count 2,900,000). He was ambulatory, but 
breathless on slight effort. Hypertension with mild congestive failure occurred one 
year ago. The patient was hospitalized for study but was given no digitalis. 


Case 6.—A male, aged 55 years, had arteriosclerotic and hypertensive heart dis- 
ease, cardiac enlargement, bundle branch block, angina pectoris, and congestive 
failure (onset four months ago). He is econvalescing, but still bedfast and taking 
digitalis. 

CAsE 7.—A male, aged 60 years, had arteriosclerotic and hypertensive heart 
disease, cardiac enlargement, premature contractions, and congestive failure, onset 
following coronary occlusion nine months ago. He is convalescing, but still bedfast 
and taking digitalis. 

Case 8.—A male, aged 69 years, had arteriosclerotic and hypertensive heart dis- 
ease, nephrosclerosis, and cardiac enlargement. Congestive failure at present has 
subsided, but patient is still bedfast and is taking digitalis. 

. « e < « « i « i ti ar i ar i 

Case 9.—A male, aged 56 years, had anginal pain on exertion, particularly in 
the last year. He was ambulatory, but was hospitalized for study. 

Case 10.—A male, aged 35 years, had aortie stenosis. Onset of symptoms oc- 
curred eight years ago, with acute failure two years ago and acute pulmonary con- 
gestion 2 weeks ago. He is ambulatory after past two weeks in bed. 

Case 11.—A male, aged 70 years, had hypertensive and arteriosclerotic heart 
disease. He was feeble and bedfast. 

CASE 12.—A male, aged 69 years, had hypertensive and arteriosclerotic heart 
disease and was extremely feeble and bedfast. On admission one year ago blood 
pressure was 154/92. He has a vegetative existence in bed, and was asleep during 
examination (Feb. 4, 1937). 

Case 13.—A male, aged 54 years, had hypertensive and arteriosclerotic heart 
disease, cardiac enlargement, and congestive failure, onset three years ago with 
several hospital admissions in interim. Severe orthopnea occurred. The patient 
died three weeks later. 

CaAsE 14.—A male, aged 48 years, had hypertensive heart disease, cardiac enlarge- 
ment, and acute pulmonary edema. He was bedfast and was taking digitalis. 
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CASE 15.—A male, aged 59 years, had arteriosclerotic heart disease, complete heart 
block, alcoholism, cirrhosis, and ascites. He was bedfast and was taking digitalis. 

A source of error which is to be expected is tortuosity of the vessels. The most 
critical test for this factor was that on Subject 5, in whom marked tortuosity could 
be distinguished in the abdominal aorta by palpation, and in the thoracic aorta roent- 
genologically. Nonetheless, the calculated cardiac index was 2.7, as compared with 
a value of 2.6 by the acetylene method. (Another case of marked tortuosity was 
Subject 8. Here the two estimates were discrepant, but the high value obtained by 
acetylene, though substantiated by all three samples, is likely to have been due to 
excitement.) It seems probable, therefore, that the errors which are certainly 
present in subjects with tortuous vessels tend to cancel one another. In such sub- 
jects the pulse wave velocities must be underestimated, and the consequent errors 
would appear in the denominators where the values are squared. However, the 
volumes of these vessels, which appear in the numerators, would also be in error due 
to underestimates (a) in the length of the vessels and (b) in their diameter, for 
abnormal increases in diameter are likely to accompany tortuosity in the central 
vessels. If the two errors in the numerators are proportional to the tortuosity, the 
errors due to this factor are squared in both numerator and denominator, and are 
likely to cancel out. 

RESULTS 


Validity of the Method of Estimation by Calculation From Blood 
Pressure-—In Table I values are given for those subjects on whom 
estimates of cardiac output were made by both methods. The agree- 
ment between the two methods is fair. The mean deviation of the caleu- 
lated estimate from that obtained by the acetylene method was +14 per 
cent of the latter; the average estimate by calculation was 2.35 liters/m?/ 
min., and that by acetylene, 2.83. The mean deviation between the two 
methods in normal subjects has averaged +12 per cent. The method 
of ealeulation appears to have no new inherent errors in these cases. 

In Table II the subjects are arranged in different groups, and within 
each group in the apparent order of their decreasing fitness. 

Ambulatory Subjects—Subject 3 had values for both the output and 
work of the left ventricle which were above average normal. Clinical 
examination likewise revealed no evidence of circulatory insufficiency 
at rest, although marked breathlessness occurred during physical exer- 
tion. Apparently the reeorded output and work of the left ventricle 
were the approximate maximum obtainable, and could not be sufficiently 
inereased to accommodate additional physiologic requirements. The 
estimated distensibility of the aorta appeared to equal the maximal nor- 
mal values at any age. 

Subject 5, like Subject 3, exhibited normal values for the output and 
work of the left ventricle. This was apparently attained, however, to a 
considerable extent by enlargement and tortuosity of the aorta. 

Subject 9 had low values for distensibility of the large vessels which 
reflected, in this case, an advanced degree of aortic disease. 
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Subject 10, whose clinical examination revealed aortie stenosis, had a 
relatively low cardiae output in spite of a probably high work level of the 
heart. (An accurate estimation of the work of the heart could not be 
obtained in the presence of the valvular lesion.) The peripheral vascular 
system appeared normal. 

Hypertensive Subjects of the Old-Age Group—tThe three, elderly, 
hypertensive subjects (8, 11, and 12), who were bedfast, formed a strong 
contrast with the ambulatory group. In all eases the effective distensi- 
bility of the aorta was low. The effective distensibility of the more 
peripheral vessels did not appear particularly low (except in Subject 
11), but these values may have resulted from underestimation of the 
pulse wave velocity due to tortuosity of the arteries. 

The effective peripheral resistances were high. The cardiac output 
was low in Subjects 11 and 12. In Subject 8 the cardiac index was 
2.05, but this value was likewise low when considered in relation to the 
inereased work of the left ventricle. The low cardiac output can prob- 
ably be correlated with the extremely feeble and apathetic condition 
of these patients. 

The blood pressure in Subjects 8 and 11 was high. In Subject 12 the 
blood pressure was normal, but hypertension was nevertheless an etiologic 
factor. This ease illustrates how hypertension can be masked by a low 
-ardiae output, although the distensibility of the aorta is subnormal and 
the peripheral resistance is high. 

Subject 12 suffered from frequent attacks of paroxysmal nocturnal 
dyspnea. <A possible cause for these attacks was demonstrated when 
the patient fell asleep during a repetition of his examination. Sleep 
was accompanied by marked slowing of the heart rate. The already low 
cardiae output thereupon sustained a further decrease, until the cardiac 
index was only 1.15. 

Hypertension in the Middle-Aged Group.—The data on these subjects 
show certain quantitative differences from those in the previous group. 
Reduction in distensibility was found chiefly in the peripheral arteries, 
and was relatively less pronounced in the aorta. The cardiac output was 
very low in Subjects 14 and 15, and this could be correlated with the 
more severe symptoms of these patients, as compared with Subject 13, 
who had a normal eardiae output. Subject 13, however, was the only 
patient who died within three weeks of his examination. His higher 
level of cardiae work, by exerting an excessive strain on the heart, may 
have been more harmful than the low cardiae outputs of the other two 
distressed, but still living, subjects. 

Cardiac Irregularities—Subject 15 had complete heart block. The 
slow heart rate resulted in a large stroke volume and a high level of 
eardiae work per minute. 

Subject 7 had ventricular premature contractions which produced a 
very irregular pulse rate, with periods in which the rate was 37 (due 
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to pulse deficit), other periods in which it was 84, and still others in 
which it alternated rapidly between the two levels. The values observed 
under the two main conditions are shown in Table II. Estimates of the 
cardiac output were probably not much in error, for they gave a cardiac 
index of 2.8, whereas the acetylene method gave one of 2.05. 

A series of pulse curves illustrating the shift from the slow pulse, 
when extrasystoles were present, to the rapid pulse, when extrasystoles 
were absent, is reproduced in Fig. 1, together with simultaneous electro- 
cardiograms. 


2nd Sound 
Entra Systale 
| Cap of it Vent 


Fig. 1.—Records of sternal pulsation and subclavian (dotted line) and brachial 
pulses of Subject 9 during the change from the slow pulse to the fast pulse, redrawn 
and reduced ‘about 14) to the same time relations as the electrocardiogram which was 
taken simultaneously. The latter is shown below. Corresponding points on the two 
records are indicated as signals S81, S2, and S3; at these points the electrocardiogram is 
changed in level. Pulse 2 is of ventricular origin; it is not preceded by a P wave. The 
later pulses at the faster pulse rate are noteworthy for very long and abnormal QRS 
complexes. The pressure levels of the two types of pulse are indicated in Table II; 
the intervals between the start of R and the subclavian pulse are indicated in Table 


III 
TABLE III 


STA START OF 
| srarr or | START OF RISING 
DURATION | TO START OF aks _ |EJECTION TO 
| OF QRS) | CON- SUBCLAVIAN 
PULSE 
(SEC. ) (SEC. ) 
Large slow beats 0.099 13% 0.022 | 0.062 0.051 
Small fast beats 0.154 ; 0.023 | 0.121 0.062 


TYPE OF PULSE 
SUBCLAVIAN | IME 

(SEC. ) TRACTION 


| (SEC. ) 


Premature con- 0.230 wore 0.042 0.190 0.043 


tractions 


The sequence of events may be followed from these records and the 
data in Table III. With the slow pulse and the long rest between normal 
beats, conduction was fairly adequately accomplished, and the QRS 
complex was not very abnormal. The stroke volume and the cardiac 
work were very high. The change to a more rapid pulse, without extra- 
systoles, lessened the load as far as heart work was concerned, but left 
little time for recovery of the conducting tissue; the QRS complex be- 
came grossly lengthened and abnormal in shape. The time relations 


gridR VE Stort of PRY Exp 2nd Sound R Em 2nd Send 
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allowed the conclusion to be drawn that the delayed conduction, on which 
the abnormal complex depended, was affecting the left ventricle, and also 
that the origin of the premature beats was in the right ventricle. 


The time relations which were observed merit brief discussion. The faster pulse 
beats, as well as the premature contractions, were associated with a much increased 


duration of the QRS complex, and also with a great exaggeration of the interval 
The increases in these 


between the start of the R wave and the subclavian pulse. 
Al- 


two intervals were approximately of the same order, and not open to question. 
though the sternal pulsations were interpreted as indicating an abnormally long 
period of rising tension time in the left ventricle, such deductions were not essential 
to the argument. There was unquestionable evidence of asynchronism of the two 
ventricles, The auricular contractions were also often abnormal or not synchronized, 
for the P wave was commonly notched or double (Fig. 1); accompanying the double 


P wave there was a duplication of the auricular wave in the sternal pulsation, 
DISCUSSION 


The data presented give evidence that the method of estimating 
cardiae output from blood pressure measurements can be applied with- 
out serious errors to patients with cardiovascular disease other than 
aortie incompetence.” It is probable that it would be inapplicable to 
patients with aneurysms, although this has not been investigated. 

Caleulation of the work of the left ventricle demonstrated that the 
additional work which was required in order to maintain the cardiac 
output could not be accomplished without a considerable increase in the 
oxygen consumption of the heart. If the oxygen is supplied to the heart 
at a normal tension, there must also be a considerable increase in the 
coronary flow. Such data are in agreement with Rasmussen’s’ demon- 
stration that there is an increased oxygen usage in hypertensive 
subjects. If the oxygen intake and eardiae output are normal or 
subnormal in such patients, one must assume that this increased 
utilization by the heart is accompanied by a considerable deficiency in 
the supply of blood and oxygen to the peripheral tissues. 

Cardiae indices of the same order as those here reported were found 
by Grollman, et al.,* in cases of congestive failure. The average in their 
eight cases was 1.87, with extremes of 1.29 and 2.25; the average of the 
values obtained by calculation in the eleven cases of congestive failure 


here described was 1.72, with extremes of 1.15 and 2.25. The higher 
eardiae outputs observed in this series occurred in patients who ap- 
peared capable of maintaining a relatively high grade of mental or 
physieal activity. Such activity may, however, be attainable only at the 
expense of an excessive load on the heart (Subject 13). A low eardiae 
output may be associated with evidence of considerable damage to the 
peripheral vascular system (Subject 14), or with low activity and a 
vegetative existence, with no indication of any progressive development 
of symptoms of congestive failure (Subject 12). In such eases the 
work performed by the heart may be markedly subnormal. 
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Analysis of the type which we have described enables one to recognize 
hypertension in subjects who have no hypertension (either systolie or 
diastolic) at the time of examination (Subjects 12 and 14). Comparison 
of the middle-age and old-age groups gives some indication that the 
method might distinguish between hypertensive subjects of different 
types. Analysis of irregular heart action, with pulses at various pres- 
sure levels, can be attained, and affords evidence as to which side of the 
heart is affected mainly by deficient ventricular conduction, as well as to 
the site of origin of premature ventricular contractions. The principles 
discussed by Katz, et al.,° and by Braun-Menendez and Solari'’ are 


applicable to the records obtained. 


CONCLUSIONS 


1. It is shown that the stroke volume of the heart may be calculated 
from measurements of pulse pressure and pulse wave velocity on 
patients with various types of cardiovascular disease (except aortic 


regurgitation) without apparent, serious error. 

2. The applicability of the method to subjects with tortuous vessels 
(which would appear likely to introduce serious errors) is attributed 
to the introduction of errors of approximately uniform extent in both 


the numerators and denominators of the equations. 

3. The method is utilized to caleulate the work of the left ventricle. 
In eases of hypertension in which the cardiae output is well maintained, 
the work which the heart has to perform is shown to be high. It is 
demonstrated that, unless this work is performed under very unfavorable 
circumstances, it must be accompanied by an increased oxygen intake 
by the subject and by an increased coronary circulation. A normal 
oxygen intake and a normal eardiae index in such patients do not, there- 
fore, indicate a normal and adequate supply of oxvgen and blood to the 


peripheral tissues. 

4. Attention is drawn to the development of decreased distensibility 
of the large vessels in two groups of patients, namely, an older group 
with the changes mainly in the aorta, and a middle-age group with the 


changes mainly in the peripheral arteries. 
5. It is shown that hypertension in cases in which there is temporarily 


no hypertension, because of a low cardiac output, may be recognized by 
such analysis, even when the blood pressure is normal. 


We should like to take this opportunity to thank the staff of the Philadelphia 
General Hospital and, in particular, Dr. William E. Robertson, whose cooperation 


made this work possible. Our thanks are also due to the Faculty Research Committee 


of the University of Pennsylvania for financial assistance in this research, 
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THE ESTIMATION OF CARDIAC OUTPUT FROM BLOOD 
PRESSURE AND PULSE WAVE VELOCITY MEASUREMENTS 
ON SUBJECTS WITH CARDIOVASCULAR DISEASE 


II. Aortic REGURGITATION 


H. C. Bazert, M.D., L. B. Lapiace, M.D., anv J. C. Scorr, Px.D. 
PHILADELPHIA, Pa. 


N PART I of this report,’ it was shown that the method of calculating 

the stroke volume of the heart from measurements of pulse pressure 
and pulse wave velocity? is applicable to patients with various types 
of cardiovascular disease other than aortic regurgitation. The method 
is not applicable to patients with aortie regurgitation because the pulse 
pressure is determined by the volume of blood which returns to the left 
ventricle, in addition to that which proceeds through the aorta. The 
values obtained, therefore, do not represent the effective stroke volume. 

If the cardiac output in a patient with aortic regurgitation is measured 
by the acetylene method, a comparison of the values so obtained with 
those obtained by somewhat modified calculations from the pulse pres- 
sure supplies an estimate of the degree of regurgitation. This, in turn, 
permits investigation of the nature and extent of the physiologic handi- 
sap which aortie regurgitation imposes upon the heart. The observa- 
tions to be reported are concerned with the results of this procedure as 
applied to two subjects. 


METHODS 


The procedure used in estimating the cardiae output by the acetylene 
method, as well as the technique employed in obtaining the data used 
in the equations, was the same as that already described.' 


The method of ealeulation? required certain changes, for the outflow 
from the aorta in diastole occurs both into the smaller vessels and, by 
regurgitation, into the ventricle, whereas in systole it occurs only into 
the vessels. The following modification was used : 

The calculation is made in the ordinary way from the fall of pressure in diastole. 
This gives the blood leaving the aorta for the capillaries (V4), and also the re- 
gurgitating blood (x). 

12.7 (Z-D) V, V, Y, 
( ) — 100 »2 7 Vv, 
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Vq and x cannot be distinguished. Equations (2) and (3), which were given in 


Part I,1 may be combined as follows: 


s (Ms - 20) 


If V be determined by the acetylene method, Va may be calculated by equation (5). 
If Vq be subtracted from the value determined by equation (4), the value of x is 
obtained. 

Two subjects who had aortic regurgitation were studied. 

CasE 1.—A male, aged 40 years, had syphilitic heart disease. The heart was 
greatly enlarged; rhythm was normal. He had angina pectoris and had had con- 
gestive failure, onset two years previously, with several hospital admissions in the 
interim. He was confined to bed and digitalized. 

CASE 2.—A male, aged 26 years, had rheumatic heart disease. There was ex- 
treme cardiac enlargement. Rhythm was normal. The patient had no symptoms 
of cardiac insufficiency and played basketball without discomfort. No medication was 
administered. 

Subject 1 was studied two hours after a light breakfast; Subject 2, under basal 
conditions, 

RESULTS 

A summary of the values obtained on the two subjects is ineluded in 
Table I. 

In Subject 1, the effective stroke volume by the acetylene method 
(somewhat doubtful because of difficulties in breathing) was 67.4 ml.; 
the true Vq was 28.9 ml., and x was 13.4 ml. Apparently, therefore, 
there aas with each contraction of the left ventricle an expulsion of 80.8 
ml., of which 13.4, or 16.6 per cent, regurgitated during diastole. The 
distensibilities of the large vessels were subnormal, i.e., 0.86 ml./m?/mm. 
Hg for the two central sections, and 0.10 for the two more peripheral. 
(The normal values for these distensibilities in subjects up to 40 years of 
age are about 0.52 and 0.14.) The blood pressures were high, and the 
work of the left ventricle was therefore much increased as the result of 
all these factors, in spite of the moderate degree of regurgitation. The 
compression work was calculated as 16,000 Gm. em. per beat, and as 
11.8 kilogram meters per minute, as compared with normal levels of 
about 6,900 (4,150 per square meter) and 4.85 (2.9 per square meter). 
The extra work would necessitate the use of an additional 17 ml. of oxy- 
gen per minute (assuming a mechanical efficiency of 1 to 5) and an ad- 
ditional coronary flow of some 300 ml. per minute (assuming an oxygen 
utilization of 55 ml. per liter). The actual increases should be greater, 
for any increase in basal metabolism would require, also, an increased 
flow through the skin for heat loss. If the mechanical efficiency of the 
heart were lowered by myocardial changes, the increase in metabolism 
would also have to be greater. Consequently, a normal cardiac index is 
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not to be anticipated in such eases, and, even if it were normal, it would 
not indicate a normal peripheral circulation. 

In Subject 2, the values were even more striking. This subject, was 
relatively fit (playing college basketball), and had an enormous heart. 
An orthodiagram showed that the transverse diameter of the heart was 
17.5 em. in a thorax 26.1 em. in diameter. 


At the time when the observations were made, the subject was somewhat excited, 
and the acetylene procedure was consequently carried out twice, before and after 
obtaining blood pressure records. The pulse rate was at first 74 to 78, later, 52 to 
67. The diastolic pressures indicated in Table I appear high as compared with 
the auscultatory estimates usually used in such cases, The diastolic pressure was not 
measurable in this subject by auscultation; the apparent level was zero. 


If the mean values for cardiae output (6.57 liters) and for pulse rate 
(69.3) are used, the real stroke volume is caleulated as 96.2 ml. From 
the blood pressure data a regurgitation of 41.7 ml. is estimated. The left 
ventricle therefore ejected 137.9 ml., of which 31 per cent regurgitated. 
The distensibility of the vessels was high, namely, 0.56 ml./mm. Hg/m* 
for the central, and 0.23 for the peripheral, vessels. The high degree of 
regurgitation and the high systolic pressure gave high estimates for the 
compression work of the left ventricle, namely, 23,000 Gm. em./beat 
and 16.0 kilogram meters/min., as compared with normal values for a 
subject of this size of about 8,100 and 5.6, respectively. The large 
amount of blood expelled in systole also implied a high mean velocity 
in the aorta of about 138.5 em./see., so that the work of developing 
kinetic energy must have been also quite high. This work may be 
caleulated on the assumption of a uniform velocity of expulsion, and 
the actual work is, on such a caleulation, certainly underestimated. It 
may also be ealeulated on an assumption of a constant rate of shortening 
of circular fibers surrounding a spherical ventricle. Assuming a final 
internal diameter of 2 em. for the ‘‘emptied’’ left ventricle, one may 
ealeulate an initial diameter of 6.5 em. The cross-section area of the 
aorta was assumed to be 2.77 em.,? and the duration of ejection was 
0.36 see. Caleulation of the work involved in producing kinetic energy 
was 1,425 Gm. em./beat on the assumption of a constant velocity of 
ejection, and 2,875 on that of a constant rate of muscular shortening. 
The real value probably lies between these two estimates. 

The increased work of production of kinetic energy above a probable 
normal level on the two assumptions was 1,260 Gm. em. per beat on the 
first, and 2,600 on the second. The total work of the left ventricle may 
be calculated as exceeding the normal by 675 to 732 kilogram meters 
per hour. If the same assumptions are made as for Subject 1, an ad- 
ditional oxygen consumption of 27 to 30 ml. per minute must be ex- 
pected, which should give a total basal oxygen consumption of 296 to 
299 ml. The observed value at the time of examination was 337, and, on 
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the next morning, when the subject was more relaxed, 286. The in- 
creased coronary flow to be anticipated would be 500 to 550 ml./minute. 
The data indicate that, whereas under normal basal conditions the heart 
is likely to consume 8 to 9 per cent of the total oxygen utilized, this 
proportion may be readily doubled when the heart is abnormal. 

Other approximate calculations may be made on Subject 2. The work 
of inducing kinetic energy in the left ventricle was 5.8 to 10.7 per cent 
of the total work of this ventricle (according to the assumptions 
adopted), as compared with 2.0 to 3.3 on similar assumptions for a 
normal subject. The difference would be much greater under nonbasal 
conditions. If normal pressures be assumed for the pulmonary artery, 
the relative work of the two ventricles may be caleulated. Whereas 
in the normal subject the work of the left ventricle is about twice that 
of the right, in Subject 2 the ratio was about 3:1. This may be compared 
with the relative weights of the ventricles in such eases. Lewis* reported 
a normal ratio for LV/RV of 1.81, and ratios as high as 2.74 and 3.44 
in eases of aortic regurgitation of an extreme degree. 


SUMMARY AND CONCLUSIONS 


In patients with aortic regurgitation, the degree of regurgitation 
may be estimated from the difference between values for cardiae output 
made by the acetylene method and a modification of the method of 
-aleulation from pulse pressure and pulse wave velocity. By this pro- 
cedure, the regurgitation was found in two subjects to amount to 13.4 
and 41.7 ml., respectively. 

From data obtained in this study, it appears that the presence of free 
aortic regurgitation may double the oxygen utilization of the heart, and 
require an increase of over 500 ml. per minute in the coronary blood 
flow. The work of the left ventricle may be increased by approximately 
50 per cent or more. 
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A RECORD CASE OF THE TETRALOGY OF FALLOT, WITH 
COMMENTS ON METABOLIC AND PATHOLOGIC STUDIES 


JoHN H. Ta.sorr, M.D., FrRepErRIcK S. Coomss, M.D., 
BENJAMIN CASTLEMAN, M.D., Francis L. CHAMBERLAIN, M.D., 
W. V. Conso.azio, B.S., D. Wuirr, M.D. 
Boston, Mass. 


OR more than a decade, anoxemia has been of special interest in cer- 

tain of the laboratories from which this report originates. The first 
and probably the only D’Ocagne nomogram ever constructed of the 
acid-base balance of the blood of a patient with congenital heart dis- 
ease and cyanosis was based upon data collected at the Massachusetts 
General Hospital in 1925.'| Subsequent communications have been con- 
cerned with the effect of (a) a diminished oxygen percentage on normal 
subjects at sea level,? (b) a diminished partial pressure of oxygen on 
temporary residents in the Colorado Rockies at 10,000 and 14,000 feet,* 
(ec) a diminished partial pressure of oxygen on temporary residents in 
the Chilean Andes at altitudes as high as 20,100 feet,t and (d) a 
diminished partial pressure of oxygen on permanent residents in the 
Andes. The unsaturation of arterial blood with oxygen and a 
diminished transport of oxygen to the tissues were the common de- 
nominator in all of the studies. 

Because of the desire to enhance our knowledge of the effects of pro- 
longed anoxemia at a barometric pressure corresponding to sea level 
conditions, we have collected extensive metabolic data on a patient who 
suffered from cyanotic congenital heart disease for nearly twenty years. 
A comprehensive post-mortem examination confirmed the clinical diag- 
nosis of tetralogy of Fallot. The patient was seen in our hospital for 
the first time at the age of 18, and stated that his lips had been blue 
since the age of 2. He was an intelligent, cooperative, and, at that time, 
ambulatory patient, and agreed to participate in a metabolic experiment. 
He was transferred, therefore, to the research ward and remained for 
approximately a month. He was readmitted to the hospital on three 
oceasions. At all times he was under the medical supervision of mem- 
bers of the medical and eardiae clinics. Subacute bacterial endocarditis 
was suspected at various times, but the blood cultures invariably were 
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reported as showing no growth. Terminally, the patient suffered from 
a large cerebral abscess. Detailed acid-base studies with other metabolic 
data on a patient with congenital heart disease are not often available. 
These observations, together with a post-mortem report, permit one to 
designate the complete study as unique. 


REPORT OF CASE 


D. B., Massachusetts General Hospital Unit No. 91316, a Grecian-born school 
boy, aged 18 years, was admitted to the Massachusetts General Hospital on Nov. 
5, 1937, complaining of dyspnea, orthopnea, a dry cough, and weakness for three 
weeks. 

Family History.—His father, mother, sister, and brother were living and well. 
Congenital, hereditary, and cardiac stigmas were denied. 

Past History and Present Iliness.—The patient was apparently normal and well 
until he was stricken with diphtheria at the age of 2. Careful questioning of the 
parents failed to elicit any history of cyanosis prior to this illness. After the 
attack of diphtheria his lips became blue and remained blue during the following 
seventeen years. For several years prior to the hospital admission his parents be- 
lieved that he had been more cyanotic than immediately before admission. Be- 
tween the ages of 2 and 5 he suffered from sudden attacks of syncope. There- 
after he was free from them, and entered school, where he progressed without 
difficulty until the age of 9. At that time he had a severe attack of tonsillitis. 
This was followed by swelling of the ankles and knees. He maintained that he 
was paralyzed during this illness, but it is more likely that he was incapacitated by 
rheumatic polyarthritis. Recovery was slow, but eventually he was able to return 
to school with no residual joint dysfunction. His physical activity was curtailed, 
however, and the strenuous sports engaged in by boys of his age were forbidden. 

Each winter he suffered from one or more attacks of tonsillitis, with little or no 
fever or other constitutional symptoms. His voice became ‘‘adenoid’’ in quality, 
and he was able to breath only through his mouth. There was recurrent swelling 
of his ankles during the day, and they became tender when he was fatigued. Fre- 
quency of urination during the day and enuresis at night were troublesome. He 
carried on his school work without difficulty, and maintained a scholastic standing 
near the top of his class. Three years before admission he had an acute, left 
middle-ear infection which was followed by a purulent discharge. The discharge 
recurred frequently, and loss of acuity of hearing eventually developed. He also 
had, two or three times a year, sudden attacks of earache, severe dizziness, and 
vomiting, and would fall to the ground. Five weeks before admission, after climb- 
ing the stairs to his classroom, he experienced acute dyspnea, became weak, and 
for several minutes was partially apneic. After an attack of unproductive cough- 
ing he felt somewhat better; he had a frontal headache, but continued with his 
school program. Three days before admission the dyspnea became unbearable; 
he was compelled to remain at home, and finally decided to enter the hospital. 

Physical Examination.—Examination showed that the patient was moderately 
well developed, but rather poorly nourished. There was general cyanosis, which was 
most marked in the lips and nails, but was also evident in the skin over the entire 
body. The ocular fundi showed hazy disc margins; the veins were markedly dilated, 
whereas in the periphery the arteries were narrow. No retinal exudates or hemor- 
rhages were seen. The sinuses were dark on transillumination. Both nares showed 
considerable crusting. The tonsils were hypertrophied and showed evidence of 
chronic infection. Both aural canals contained foul-smelling, thick pus. The drums 
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had been destroyed. The hearing was slightly impaired. There was a left dorsal 
scoliosis, with a right dorsal lumbar curve, and moderate kyphosis was present. 
The chest was barrel-shaped. There was a precordial bulge. Many dilated veins 
were visible. Examination of the heart by Dr. Edward Bland was reported as 
follows: ‘‘The heart showed well-marked enlargement, with prominent systolic 
pulsations to the right as well as to the left of the sternum. No thrill was palpable. 
On auscultation there were (1) prolongation and reduplication of the first sound 
over the lower cardiac area, and (2) a moderately loud and long, early, diastolic 
murmur which was widely transmitted, but was best heard along the left sternal 
border. There was a slight systolic blow at the apex. The pulmonary second 
sound was present, but was not remarkable. Fluoroscopic examination showed (1) 
well-marked cardiac enlargement, with the general configuration of right ventricular 
hypertrophy, (2) a full-sized, dynamically pulsating aorta, and (3) absence of 
unusual prominence of the pulmonary conus, and normal hilus shadows without a 
hilus dance. In the right anterior oblique view there was but slight encroachment 
on the posterior mediastinal window.’’ The blood pressure was 116/84 in the 
arm and 120/84 in the leg. Examination of the abdomen was negative. 


There was marked soft tissue clubbing of the fingers and toes. The knees 
showed soft tissue swelling and were tender on palpation. There was no limitation 
of motion. There was slight edema of the shins and ankles. There were marked 
tortuosity and engorgement of the jeg veins. 

Partial Laboratory Data.—The hemoglobin measured 140 per cent by the Sahli 
method; the erythrocyte count was 8,660,000; and the leucocyte count was 5,900. 
No satisfactory blood smear or differential count of the leucocytes was obtained 
because of the great number of erythrocytes. The Hinton reaction on the blood 
was negative. The basal metabolic rate on two occasions was +1 and +5 per cent, 
respectively. The vital capacity was 2.6 liters. 

Casual specimens of urine showed a maximum specific gravity of 1.018 and a 
trace of albumin, but no sugar or diacetic acid. Examination of the centrifuged 
specimen showed several erythrocytes, a few leucocytes, and occasional hyalin and 
granular casts. A urine concentration test after abstinence from fluid for twelve 
hours showed a maximum specific gravity of 1.018. This value is corrected for the 
protein which was present. The excretion of phenolsulphonphthalein, injected intra- 
venously, was 20 per cent in fifteen minutes, and totaled 30 per cent in one hour. 
Two blood cultures were negative for pathogenic organisms. 

The venous pressure* was 80 mm. of water by the Moritz and Tabora method. 
Measurement of the circulation time following the intravenous injection of 10 c.c. 
of decholin gave discordant results and a doubtful end point. At the first deter- 
mination the end points were thirty-five and fifty-six seconds, respectively (normal, 
ten to sixteen seconds). At the second, they were twenty-six and thirty-four 
seconds, respectively. The respiratory minute volume was 7.7 liters. The oxygen 
consumption per minute was 244 c¢.c., and the respiratory quotient was 0.85. 


The electrocardiogram showed marked right axis deviation, unusually large P 
waves, and a P-R interval of 0.20 second. 

Roentgenologic Examination—The following interpretations were reported by 
Dr. A. O. Hampton: ‘‘There is marked thickening of the mucous membranes of 
both antra. There may be a small amount of fluid on the left side. The ethmoids 
show some thickening of the mucous membranes. The frontal sinuses are under- 
developed. There is sclerosis of both mastoids. The heart is grossly enlarged and 
rounded in shape. The greatest enlargement appears to be in the region of the 
auricles and the right ventricle. The pulmonary conus and pulmonary vessels are 


*We are indebted to Dr. C. Sidney Burwell for the measurements described in this 
paragraph. 
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relatively small. The shadow of the superior vena cava appears large. The size 
of the aorta is greater than normal. Both auricles are dilated in the oblique view. 
Appearance is that of congenital heart disease of a rather unusual type. The 
most unusual features are enlargement of the aorta and absence of dilatation of 
the pulmonary vessels. An intravenous pyelogram shows the kidney outlines to be 
considerably larger than normal and smooth in outline. The dye is excreted poorly. 
The kidney pelves and ecalices are not distinctly seen; they are small and show a 
suggestion of multiple pressure defects. The appearance is similar to that of 
polycystic kidneys. The phalanges of the hands and feet are long and tapering, 
especially the terminal portions. There is no bony clubbing and no periosteal 
reaction. There is some thickening of the terminal soft tissues. The structure of 
the bones appears normal.’’ 

Subsequent Course.—The patient was readmitted to the hospital three times 
during the following year. A diminishing cardiae reserve was responsible for the 
second admission, on Feb. 16, 1938. The blood pressure was 100/65. A blood 
culture was negative. He was discharged as somewhat improved. 

The third admission, March 15, 1938, was necessary because of an acute enteritis. 
The cardiac state was thought to be unchanged at that time. Several urine speci- 
mens showed erythrocytes and leucocytes, albumin, and a few granular and hyalin 
casts. The leucocyte count varied between 4,000 and 6,700. Two stools showed 
a positive guaiae test, and three, a negative. Three blood cultures were negative. 
A tentative diagnosis of subacute bacterial endocarditis was based upon the follow- 
ing evidence: cardiac disease, hematuria, fever, pleural pain (from pulmonary em- 
bolism?), and possible mesenteric thrombosis. 

The fourth admission, Nov. 14, 1938, was five days before death. A greater 
part of the intervening time had been spent in bed, but in moderate comfort. At 
one time, pains in the elbows, wrists, and knees were distressing. It was undecided 
whether this was caused by acute rheumatic fever or pulmonary osteoarthropathy. 
There were two attacks of chest pain which were thought to have been associated 
with pulmonary infarcts. Five days before admission a severe headache developed. 
This was largely responsible for his return to the hospital. 

Physical Examination.—The pulse rate was 80 per minute, and the pulse was 
regular. The blood pressure was 110/70. The heart examination was as described 
on the first admission. The lungs were clear and resonant. The edge of the liver 
was felt 3 cm. below the costal margin, and was slightly tender. The spleen was 
not felt. The ankles were moderately swollen. Weakness of the left side of the 
face and body was apparent. This, together with severe temporal headache, sug- 
gested a cerebral abscess. Coma supervened two days before death. 

Laboratory Studies.—The leucocyte count varied between 3,900 and 7,200. The 
urine analyses and electrocardiogram were unchanged. A lumbar puncture showed 
312 polymorphonuclear cells, 88 lymphocytes, and 70 erythrocytes per cubic milli- 
meter. The concentration of total protein was 25 mg. per 100 «c., of sugar, 74 
mg. per 100 ¢.c., and of chloride, 721 mg. per 100 ¢.c. The gold sol curve was 
0000121000. Cultures of three samples of spinal fluid and two samples of blood were 
negative. A culture from the throat and one from the ear showed no growth of 
pathogenic organisms. An arterial blood sample was obtained four hours before 
death, An electrocardiogram three hours before death was interpreted as follows: 
‘*Marked sinus arrhythmia, rate 55. In Lead III, two instances of ventricular 
escape are seen, with blocked P waves subsequently. The P-R interval equals 0.22 
second. Marked right axis deviation. T, upright, T, inverted, and T, inverted. 
Prominent U waves.’’ 

The autopsy was performed three hours after death. 
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POST-MORTEM EXAMINATION 


The post-mortem examination showed a markedly cyanotic, barrel-chested boy, 
with marked clubbing of the fingers and toes. The blood vessels of the skin were 
prominent, and appeared as a network of deep purple lines; indeed, all the blood 
vessels throughout the body were extremely prominent. 

Heart——The heart was markedly enlarged, and weighed 600 Gm. Most of the 
enlargement was due to the enormous hypertrophy of the right ventricle, which 
comprised roughly two-thirds of the total volume of the heart. The right ventricular 
wall measured 17 mm. in thickness. The left ventricle was relatively small, and 
its wall measured 14 mm. The right auricle was dilated and much more prominent 
than the left. The wall of the right auricle measured 2 to 3 mm. in thickness, 
and that of the left measured 1.5 to 2 mm. in thickness. 


/ : 


Fig. 1.—Exposure of right ventricle, with probe inserted through the stenotic and 
calcified pulmonary valve. 


The congenital abnormalities were numerous. There was complete transposition 
of the aorta, which came directly from the right ventricle. The wall of the aorta 
was slightly thicker than normal, and measured 2 to 3 mm.; otherwise it was 
negative. The ductus arteriosus was completely closed, and there was just a dimple 
on the aortic intima. There was a large interauricular septal defect which meas- 
ured 6 cm. in circumference. Just below the aortic valve there was a large inter- 


ventricular defect which measured 5 em. in circumference. This opened into the 
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left ventricular cavity just below the pulmonary valve. The pulmonary valve was 
bicuspid, with two well-defined commissures. The diagonal distance between the 
two commissures from their points of attachment on the pulmonary artery was 
2.5 em. The valve cusps were thickened, fibrous, and fused along most of this 
distance, except at the central portion, where an opening not more than 2 to 3 
mm. in diameter was present (Fig. 1). Attached to one edge of the valve margin, 
undoubtedly adding to the stenosis, was a somewhat granular and calcified vegeta- 
tion which measured 6 mm. in diameter and 15 mm. in length. The pulmonary 
artery was narrow and markedly thinned, and measured not more than 0.3 mm. 
in thickness. Just above the valve there was an intimal erosion about 1 em. in 
diameter which was produced unquestionably by the constant irritation of the 
calcified vegetation. The aortic valve measured 8 cm. in circumference, and the 


Fig. 2.—Exposure of the chambers of the heart, showing shortening and thickening of 
the chordae tendineae of the tricuspid valve. 


cusps showed slight interadherence at their commissures. In addition, there were 
a few, pinkish-gray, firm, nodular vegetations, measuring 1 to 4 mm. in diameter, 
along the line of closure of the valve cusp. The tricuspid valve (Fig. 2) measured 
11 em. in circumference and showed slight, but definite, shortening and thickening 
of the chordae tendineae. Along the line of closure there were numerous, pale- 
yellow vegetations which were as large as 5 mm. in diameter. The mitral valve 
measured 9 em., and was negative. The coronary arteries were patent throughout. 
Microscopic examination of the myocardium showed numerous small foci of fibrosis 
and lymphocytic infiltration, but no lesions suggestive of Aschoff nodules could be 
identified. The microscopic section of the tricuspid valve showed a degree of 
fibrosis and increased vascularity which was consistent with rheumatic infection. 
The pulmonary valve was too fibrotic and calcified to allow an accurate opinion 
regarding previous rheumatic involvement. 
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Lungs.—Both lungs were uniformly well aerated, and showed no evidence of con- 
solidation. The bronchial arteries were markedly dilated and hypertrophied, and 
measured 4 to 5 mm. in diameter. Microscopic examination of the lungs showed 
no abnormality. 

Kidneys.—The kidneys were tremendously hypertrophied, and, together, weighed 
450 Gm. Grossly they were otherwise normal, ™icroscopie examination showed very 
severe passive venous engorgement and capillary congestion. Many of the glomeruli 
were normal except for congestion. Others, however, showed an increase in both 
endothelial cells and leucocytes which was suggestive of a grade I acute glomerular 
nephritis. Still others were partially or completely hyalinized. Many of the tufts 
showed only foeal fibrosis or capsular thickening. There were no vascular changes. 
The changes are best interpreted as being consistent with marked passive conges- 
tion, healed embolic nephritis, and terminal acute glomerular nephritis. 

Brain.—In the right temporal region of the brain there was an abscess 4 to 6 
em. in diameter, filled with a soft, gelatinous blood clot and foul-smelling gray pus. 
There was no overlying meningitis. 

Bone Marrow.—The bone marrow was deep red in color, and showed marked 
hyperplasia, especially of the erythrocyte series, with replacement of the fat cells. 


ANATOMIC DIAGNOSES 


Congenital heart disease: Tetralogy of Fallot (hypertrophy of right ventricle, 
dextroposition of aorta, interauricular and interventricular septal defects, bicuspid 
pulmonary valve, with stenosis). 

Rheumatic heart disease. 

Chronic rheumatic endocarditis of the aortic, tricuspid, and (?) pulmonary valve. 

Endocarditis, healed bacterial, with calcification, of the pulmonary valve. 

Nephritis (healed embolic and acute glomerular, grade I). 

Cerebral abscess, right temporal lobe. 

Chronic passive congestion, marked, of the liver, spleen, and kidneys. 

Hypertrophic pulmonary osteoarthropathy, marked. 

Hyperplasia of bone marrow. 

Cyanosis. 

METABOLIC STUDIES 


METHODS 


During the first admission the patient was transferred to the research waid, and 
controlled studies of intake and output were made during six periods. The 
customary precautions were exercised. The preparation of food, collection of 
excreta, and the methods for analysis of the various constituents have een 
described.6,7 A preliminary period of three days was allowed for the patient to 
approach equilibrium on the constant diet. The diet contained 288 Gm. of carho- 
hydrate, 38 Gm. of fat, and 61 Gm. of protein. The calculated calories amounted 
to 1,750. After ingestion of the diet for three days, Period 1 was begun Nov. 26, 
1937. It continued for five days, was followed by a second five-day period, and 
then by a four-day period. Period 4 was begun Dec. 10, 1937. On that day 10 
Gm. of urea were given by mouth. On the first and second day of Period 5, 8 Gm. 
of ammoftium chloride were given orally. On the first and second day of Period 
6, 20 Gm. of sodium bicarbonate were given by mouth. This period terminated 
after three days. All of the urine excreted was saved and partitioned into twenty- 
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four-hour specimens. An aliquot of each day’s sample was analyzed for the 
various acid and base constituents. An aliquot of the diets and stools was analyzed 
for each period. The observations are summarized in Table I. Arterial and 
femoral venous blood was drawn on several occasions. Oxygen capacity, oxygen 
and carbon dioxide content of whole blood, and the concentration in the serum 
of total fixed base, sodium, potassium, calcium, chloride, bicarbonate, phosphate, 
and protein were ascertained (Table II). Experimental observations upon equili- 
brated whole blood were collected for the construction of oxygen and carbon dioxide 
dissociation curves. 


RESULTS 


The concentration of the constituents of the blood, especially oxygen 
and carbon dioxide, showed marked variations from normal. The oxygen 
capacity, 32.7 to 35.4 volumes per cent, as well as the oxygen saturation 
of arterial blood, 58 to 61 per cent, are critical values. Greater varia- 
tions from the normal have not been reported, and most likely are in- 
compatible with life. 
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Fig. 3.—Oxygen dissociation curves of patient D. B. and normal control A. V. B. 


Oxygen dissociation curves constructed at 11, 25, 40, and 80 mm. 
partial pressure of carbon dioxide, respectively, are given in Fig. 3. 
The 20, 40, and 80 mm. curves of a normal person are incorporated in 
the figure for comparison. The arterial (A) and venous (V) points for 
normals are plotted. The arterial point (A;) for D. B. was obtained 
from data on samples of peripheral arterial blood. The oxygen satura- 
tion averaged approximately 62 per cent, except for the sample taken 
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TABLE 
SUMMARY OF CERTAIN BALANCE DATA ON D. B. 
EX- 
DIE- TRA- URI- 
PE- DATE CONSTIT- TARY | DIE- | NARY 
RIOD (1937) UENT IN- TARY | OUT- eur amon 
TAKE IN- PUT 
TAKE 
1 |November |Sodium 288 171 389 Si + 7.8 
26- (m.eq.) 
December |Potassium 275 179 57 + 7.8 
(m.eq. ) 
Caleium 32 1 47 - 3.2 
(m.eq.) 
Chloride 287 171 449 11 - 05 
(m.eq. ) 
Phosphate 3,720 2,373 | 1,600 - 
(mg. ) 
Nitrogen 50.0 44,2 4.7 0.2 
(Gm. ) 
2 |December |Sodium S77 | 372 433 23 - 1.6 
1-6 (m.eq.) 
Potassium 255 170 51 + 6.8 
(m.eq.) 
Caleium 33 2 46 - 3.0 
(m.eq.) 
Chloride 312 171 461 9 + 2.6 
(m.eq. ) 
Phosphate | 3,205 2,439 | 1,288 -124. 
(mg.) 
Nitrogen 48.5 44.7 - 0.3 
(Gm.) 
3 |Deeember |Sodium 217 137 322 16 + 4.0 
6-10 (m.eq. ) 
Potassium 199 144 36 + 4.8 
(m.eq. ) 
Caleium 27 2 3 - 22 
(m.eq.) 
Chloride 235 137 363 3 + 1.5 
(m.eq. ) 
Phosphate | 2,664 1,688 | 1,128 
(mg.) 
Nitrogen 41.4 36.0 3.8 0.4 
(Gm.) 
4 |December |Sodium 228 | 137 292 11 + 15.5 |10 Gm. urea, 
10-14 (m.eq. ) orally 
Potassium 219 152 29 + 9.5 
(m.eq.) 
Caleium 25 1 22 + 0.5 
(m.eq. ) 
Chloride 243 | 138 363 4 + 2.8 
(m.eq.) 
Phosphate | 2,706 1,447 730 132 
(mg.) 
Nitrogen 38.7| 4.8 39.2 2.7 | 0.4 
(Gm.) 
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TABLE J—CONT’D 


EX- 
DIE- TRA- URI- 
PE- DATE CONSTIT- TARY DIE- NARY goog priest COMMENTS 
RIOD (1937) UENT IN- TARY | OUT- . me MMENTS 
TAKE IN- PUT 
TAKE 
5 |December |Sodium 231 =| 137 423 19 — 18.5 |16 Gm. am- 
14-18 (m.eq. ) monium 
Potassium 226 193 52 - 4.7 | chloride, 
(m.eq. ) orally 
Calcium 25 1 33 - 2.5 
(m.eq. ) 
Chloride 249 | 436 608 10 + 16.8 
(m.eq. ) 
Phosphate 2,912 1,926 | 1,043 — 14. 
(mg.) 
Nitrogen 43.1 4.1 40.7 44/4 0.5 
(Gm.) 
6 |December |Sodium 168 | 579 257 34 +152.0 |40 Gm. so- 
| 18-21 (m.eq.) dium bi- 
Potassium 164 77 40 + 15.7 | carbonate, 
| (m.eq.) orally 
Calcium 18 1 35 - 6.0 
| (m.eq. ) 
Chloride 173 | 1038 215 8 + 15.6 
(m.eq. ) 
Phosphate 2,202 855 | 1,292 + 15. 
(mg.) 
Nitrogen 30.8 29.5 5.0} - 1.2 
(Gm. ) 


just before death. The venous (V,) point was obtained from analysis 
of femoral venous blood. 

The cell volume was the greatest that we have observed in any patho- 
logic state. The cell volume was 85 per cent or more, except for a short 
time after the withdrawal of large amounts of blood for chemical studies. 
The erythrocytes were but slightly hypochromic,® and contained almost 
a normal concentration of hemoglobin. 

There was a profound acidosis. The carbon dioxide content of the 
serum was reduced about 8 m.M. per liter (18 volumes per cent) below 
the average normal. The pH, was less than 7.30. The ingestion of 
16 Gm. of ammonium chloride accentuated the acidosis, whereas the in- 
gestion of 40 Gm. of sodium bicarbonate increased the carbon dioxide 
content of whole blood above normal and restored the pH, to normal. 
The content of bases and the other acid constituents in the serum was 
ascertained, and, except for potassium and phosphate, there was no 
significant deviation from the normal. The concentration of potassium 
was as high as 7.4 m.eq. per liter, and of phosphate, 2.2 m.eq. per liter. 
Since the nonprotein nitrogen varied from 45 to 54 mg. per 100 e.c., it 
was assumed that the phosphate elevation, also, was associated with renal 
insufficiency. 
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The urinary excretion of ammonia and titratable acid, and its pH, 
were remarkably constant. In the first four periods the daily ammonia 
production ranged from 23 to 29 m.eq. It was little affected by the in- 
gestion of 8 Gm. of urea. After ammonium chloride ingestion, it in- 
creased to a maximum of 59 m.eq. Following the ingestion of sodium 
bicarbonate, it decreased to 9.8 m.eq. The titratable acid and hydrogen- 
ion concentration showed little variation except after sodium bicarbonate 
ingestion. There was a slight negative calcium balance in most periods 
(Table I). This has been the usual finding in our experience with pa- 
tients on a constant metabolic regime, especially those whose activity is 
restricted. The patient was in nitrogen and phosphate balance through- 
out the study. A positive potassium balance was noted in all periods 
except Period 5. Presumably, this was associated with the elevated 
potassium in the serum. After the ingestion of urea and sodium bi- 
carbonate there was a significant retention of sodium. A _ negative 
balance followed ammonium chloride ingestion. The patient was in posi- 
tive chloride balance in Periods 5 and 6. Equilibrium was established 
in the other periods. 

DISCUSSION 


The history and physical signs made a diagnosis of congenital heart 
disease in our case quite certain. It was predicted that the anatomic 
defects would be similar to those characterized as the tetralogy of Fallot.® 
This was confirmed at post-mortem examination, at which the following 
cardiac abnormalities were evident: hypertrophy of the right ventricle, 
dextroposition of the aorta, pulmonary stenosis, and an interventricular 
septal defect. There was, in addition, an interauricular septal defect. 
The age at which the patient died is above the average but does not 
approach the longevity reported elsewhere. Many patients with the 
tetralogy of Fallot die before adolescence, but some live to the third and 
fourth decade; the record to date is fifty-nine years and eight months,’° 
but one of us (P. D. W.) has under observation at present a woman, 66 
years of age, with undoubted clinical evidence of the disease, who is 
still in fair health; evidently it is a mild case. 

It is of interest to trace briefly the history of the recognition of the 
congenital cardiac anomaly now widely known as the tetralogy of Fallot. 
Fallot, in 1888, did not pretend that he was the first to describe the 
anomaly, but he did a service to medicine by pointing out that at least 
three-quarters of all persons who show cyanosis and clubbing of the 
fingers from infancy do have this tetralogy of defects. Thus, without 
further ado or study, the chances are at least 3 to 1 that such persons 
have the anomaly; physical examination (showing little evident cardiac 
enlargement and only a pulmonary systolic murmur), the electrocardio- 
gram (with its high degree of right axis deviation and normal rhythm), 
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and the roentgenographiec contour of the heart (more or less sabot- 
shaped, with prominent aorta and small pulmonary arterial tree) con- 
firm the diagnosis. 

As one consults early medical literature, one finds more and more ease 
reports, autopsies, in the main, of what has since been called the 
tetralogy of Fallot. We have found no reference to this syndrome, 
however, before the eighteenth century. Bonetus™ did not describe such 
a ease in his Sepulchretum, in 1679, nor did Mangetus” in the second 
edition of the Sepulchretum, in 1700. In the eighteenth century there 
was the report by Morgagni"™ of a case of pulmonary stenosis in a girl, 
aged 16 years, who had been cyanotie since birth. The right ventricle 
and right auricle were very large, and there was said to be a patent 
foramen ovale. Sandifort,‘* in 1777, reported similar abnormalities 
in a boy who died at the age of 12 years. Early in the nineteenth cen- 
tury the physiologic disturbances associated with congenital heart dis- 
ease were presented ably by Farre.** He reported several cases of 
cyanosis and clubbed fingers in which the tetralogy was demonstrated at 
post-mortem examination. Gintrac,’® in 1824, and Peacock,’ in 1858, 
described additional cases. It was not until 1888 that Fallot’s® de- 
scription was published, and this dates the eponym. 

Our patient was a semi-invalid during the last year of his life. He 
refused, however, to be considered as one. He was above the average 
scholastically and, in spite of the physical handicap, made a commend- 
able record at his studies. On physical examination, the clubbing of the 
fingers was striking. It was largely soft tissue hypertrophy, however, 
as no tufting of the terminal phalanges was evident roentgenologically. 
The external ears were paper-thin and prominent. The pigmentation 
of the skin of the extremities, which has been observed in other patients 
with morbus caeruleus,’* '° as well as in patients suffering from chronic 
mountain sickness,® presumably is associated with anoxemia and pe- 
ripheral venous stasis. 

It was believed, from the clinical evidence, that the patient had ex- 
perienced attacks of acute rheumatic fever between the ages of 10 and 
12, as well as subacute bacterial endocarditis while under observation 
eight or nine months before death. The presumptive diagnosis of sub- 
acute bacterial endocarditis was based upon the presence of fever, 
hematuria, failing cardiac reserve, pleural pain, with a friction rub, and 
abdominal cramps (? embolic). If bacterial endocarditis develops in a 
case of congenital heart disease, usually it is a terminal,?® rather than 
an intereurrent, event. Our patient was not treated with any specific 
drug, such as a sulfonamide derivative, or with any immune vaccine or 
serum. Nevertheless, the calcified vegetations discovered at the post- 
mortem examination strongly supported the clinical observation that he 
had recovered from an endocarditis. It has been stated previously that 
several blood cultures showed no growth. The failure to cultivate from 
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the blood and identify a pathogenic organism is evidence against, but 
does not rule out, the diagnosis of subacute bacterial endocarditis, 
especially in congenital heart disease. In fact, it may be extremely 
difficult to isolate the organism in subacute bacterial endocarditis which 
is superimposed upon a congenitally deformed heart.?’ Since rheumatic 
lesions, as well as those of subacute bacterial endocarditis, may calcify, 
the question of which malady was responsible must be answered by the 
pathologie studies. These offer conclusive evidence that the patient 
suffered first from rheumatic heart disease and later from subacute 
bacterial endocarditis and that the bacterial endocarditis increased the 
stenosis of the already congenitally stenosed pulmonary valve. 

One observation of obscure significance during life was the constant, 
well-marked, early diastolic murmur at the base of the heart, which was 
interpreted as due to aortic regurgitation, despite a normal pulse pres- 
sure. We did not know whether this aortic regurgitation was to be 
ascribed to a complicating rheumatic aortic valve disease, or to dilata- 
tion of the aortic ring simply as the result of the markedly increased 
aortic output. It turned out that the latter was the correct explana- 
tion; we have encountered it in one other case of the tetralogy of Fallot. 

Death was precipitated by a cerebral abscess. Although the cardiac 
reserve was strained to the breaking point, death was not caused by 
eardiae failure, per se. Just as the blood appeared to be sterile during 
what we deem was an attack of endocarditis, so was it sterile when a 
diagnosis of cerebral abscess was apparent, and, at autopsy, no growth 
was seen in a culture of the blood from the chambers of the heart. <A 
culture from the cerebral abscess alone showed pathogenic organisms. 
These were colon bacilli and Gram-positive cocci in clusters. The in- 
cidence of cerebral abscess in patients with a sizable septal defect is 
believed by Abbott to be more than coincidence.?? Rabinowitz and his 
associates”* were willing to go so far as to state that ‘‘the presence of 
an idiopathic brain abscess should lead one to suspect the possibility of 
the presence of a congenital cardiae defect.’’ 

The concentration of the gases in the blood and the results of the 
metabolic studies were as interesting as the clinical and pathologie 
observations. It is believed by us that the concentration of the gaseous 
constituents of the arterial blood approached the extreme limit of varia- 
tion from the normal, beyond which life cannot be maintained. In spite 
of the deviations from normal, the body had made a remarkably ade- 
quate adjustment, and death was caused by an infection in the brain, 
not directly from inadequate oxygen transport or recurring cardiac 
failure. 

The cell volume varied from 82 to 87 per cent, and the oxygen ¢a- 
pacity, from 32.7 to 35.4 vol. per cent. The concentration of hemoglobin 
in the whole blood increased the density to such an extent that the blood 
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seemed almost to congeal in the veins. The blood was so viscous that, 
during an arterial or venous puncture, the plunger of an oiled syringe 
had to be withdrawn forcefully in order to introduce blood into the 
barrel. The viscosity of the blood offered considerable peripheral re- 
sistance and imposed a real burden upon the myocardium. 

The oxygen saturation of the arterial blood varied between 62 and 58 
per cent. The former value was obtained when the patient was ambula- 
tory; the latter was obtained only a few hours before death. Approxi- 
mately a year elapsed between the two observations. Very few studies 
of the oxygen saturation of the arterial blood of patients with congenital 
heart disease have been reported since Van Slyke’s development of the 
manometric blood gas analyzers made them possible. To the twenty 
eases reported in the literature we have added five of our own, and 
summarized the pertinent data in Table III. Certain data, only, on 
patients M. G., E. R., H. W., and D. S., who were seen by us, are in- 
cluded in the table. Other observations made upon these patients will 
be described in detail elsewhere. 

It is apparent that, when the arterial oxygen saturation approaches 
60 per cent, oxygen transport, even at rest, becomes a critical problem, 
and life eannot long be maintained. A similar conclusion was reached 
in our studies in the Chilean Andes. The lowest saturation in a perma- 
nent resident at 17,500 feet was 67 per cent.° At 20,100 feet the oxygen 
saturation of the arterial blood of a temporary resident was 55 per 
cent.2* Both observations were made on persons who were healthy and 
physically sound. The permanent residents at 17,500 feet admitted no 
symptoms except dyspnea on exertion. The temporary resident had no 
distressing symptoms while living at 17,500 feet, but complained bitterly 
of headache, anorexia, and fatigue after living at 20,100 feet for twenty- 
four hours with an oxygen saturation of 55 per cent. The subject re- 
mained ambulatory in spite of these symptoms and an uncomfortably 
low environmental temperature. It is noteworthy that patients with 
morbus caeruleus may remain ambulatory with an improperly fune- 
tioning heart and a blood oxygen saturation which corresponds to that 
at an altitude of approximately 4 miles. Of course, many patients with 
congenital heart disease become adjusted to a progressive diminution in 
the partial pressure of oxygen in the blood over a long period of time, 
just as residents at high altitudes become adjusted. 

These studies cast considerable doubt upon the assumption that the 
symptoms which are sometimes attributed to chronic carbon monoxide 
poisoning” are produced by recurrent anoxemia, per se. It cannot be 
denied that repeated exposure to small amounts of carben monoxide may 
produce a syndrome that is recognized as carbon monoxide poisoning. 
The symptoms, however, should be attributed to some factor or factors 
in addition to mild anoxemia. The observations of Asmussen and Chiodi, 
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recently reported,”* support this contention. These investigators studied 
oxygen deficiency in normal human subjects by two different procedures : 
(1) by replacing a part of the oxyhemoglobin with carbon monoxide 
hemoglobin, and (2) by allowing the subject to breathe a gas mixture 
which was low in oxygen. Anoxemia produced by partial carbon 
monoxide poisoning elicited little or no respiratory response and had 
little or no effect upon cardiae output. On the other hand, a diminished 
partial pressure of oxygen in the inspired air produced pronounced 
hyperventilation and an increase in eardiae output. 
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Fig. 4.—Carbon dioxide dissociation curves of patient D. B. plotted on logarithm paper. 

Our patient with congenital heart disease was placed in an oxygen 
tent and allowed to breath for forty hours a gas mixture which con- 
tained 50 per cent oxygen. No marked increase in the oxygen saturation 
of the arterial blood followed this treatment, and only slight symp- 
tomatic improvement was admitted. Hemsath, et al.,?’ and Richards, 
et al.,28 have reported similar results. It is coneluded that oxygen 
therapy is ineffective in increasing the transport of oxygen to the tissues 
of patients with a right-to-left heart shunt. The explanation is readily 
apparent. Oxygen therapy increased the partial pressure of oxygen only 
in the pulmonary cireuit. In morbus caeruleus the arterial blood is 
saturated about as completely in these vessels as it is normally, even 
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though the saturation in the peripheral arteries is reduced considerably. 
Since oxygen therapy does not alter the arteriovenous shunt, it cannot 
be expected to increase the supply of oxygen to the tissues. 

Femoral venous blood was investigated on two occasions. At the first 
observation the saturation of oxygen was 48 per cent, or approximately 
20 per cent below normal. It decreased to 44 per cent following pro- 
longed oxygen inhalation. This change is not significant. 

There is some theoretical basis for the assumption that there may be 
a direct correlation between unsaturatien of blood and increase in 
oxygen capacity in healthy persons. The Andean studies** showed that 
this assumption was a good approximation. The data on congenital 
heart disease are more discordant. The association of a serious disease 
with anoxemia is probably responsible for the wide scattering. 

It would be interesting and might be clinically important if informa- 
tion were available concerning the amount of blood that passes through 
the cardiac shunt. An earnest, but unsuccessful, attempt was made to 
measure the cardiae output with the acetylene method. We were forced 
to rely, therefore, upon the formula described by Lundsgaard and Van 
Slyke,?® which is approximate and not precise. The application of our 
data to the formula indicated that nearly three-fourths of the blood 
which cireulated through the heart was not aerated in the lungs. 

Changes in the carbon dioxide content of the arterial blood are as 
characteristic of morbus caeruleus as are changes in oxygen content. 
When the malady is advanced and the diagnosis is obvious clinically, 
there are a diminished content of carbon dioxide in the blood, a diminu- 
tion in the height of the carbon dioxide dissociation curve (Fig. 4), and 
a decrease in the partial pressure of alveolar carbon dioxide.*°-*? 
Abbott,?* with the collaboration of Boothby, was the first to consider 
theoretically the variation in carbon dioxide during the respiratory cycle 
in congenital heart disease. In 1912 they postulated an increase above 
normal in the difference in carbon dioxide content of arterial and venous 
blood. The difference is approximately 4 volumes per cent** in healthy 
persons, whereas, in the case of D. B., it was nearly 9 volumes per cent. 
The total carbon dioxide content of the arterial blood was markedly 
reduced. The average range for normal persons is from 46 to 54 per 
cent. We have chosen 48 as a mean value. One of the lowest values for 
any patient with congenital heart disease listed in Table III was ob- 
served in the case of D. B. This was 31.1 volumes per cent. Few ex- 
eeeded 40 volumes per cent. The partial pressure of carbon dioxide in 
the alveolar air showed a similar decrease. The average value for nor- 
mals is approximately 40 mm. Hg. It is usually below 30 mm. in patients 
with advanced morbus ecaeruleus. 

Finally, variations in the hydrogen-ion concentration may be calculated 
from the carbon dioxide data. It is the custom when studying trained 
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subjects without a cardiac or a pulmonary defect to make the calculation 
for pH, from the observations on alveolar pCO, and the carbon dioxide 
content of arterial blood.** An alternate procedure is to construct a 
set of carbon dioxide dissociation curves, ascertain the carbon dioxide 
content of arterial blood, and locate the arterial point on the constructed 
graph. The calculated pH, should be the same by either method. If 
the pH, of arterial blood is desired in cases of morbus eaeruleus, the 
second procedure must be employed. The alveolar pCO, cannot be 
utilized because it does not represent the partial pressure of carbon 
dioxide in the peripheral arterial blood, but only that of arterialized 
blood in the pulmonary ecireuit. All of the pH, values given in Table 
III, except that of Meyer,** were obtained by this procedure. Except 
for this observation and that of Mainzer,*’ all of the values for pH, are 
7.40 or less. The lowest was 7.25, in our case (D. B.). 

It is apparent that the blood gas concentrations in patients with 
morbus eaeruleus deviate consistently from the normal, and this, we 
believe, is characteristic. They inelude an increased oxygen capacity, 
a decreased oxygen saturation and a decreased carbon dioxide content of 
arterial blood, a decreased partial pressure of alveolar pCO,, and a de- 
creased arterial pH,g. 

The pathogenesis of the unsaturation of arterial blood is most likely 
mechanical. Unsaturated venous blood from the right side of the heart 
is shunted through the septal defect or into the aorta, and thence into 
the peripheral circulation without passing through the lungs. The 
physiologie and pathologie effects cannot be altered as long as the 
anatomic defects persist. A progressive increase in the oxygen capacity 
follows the prolonged anoxemia. The mechanism of the increase is 
probably similar to that observed in dwellers at high altitudes. The 
pathogenesis of the variation from normal in carbon dioxide content and 
pH, is more difficult to ascertain. 

The lowering of the carbon dioxide content of the blood and the de- 
ereased partial pressure of alveolar carbon dioxide have been attributed 
to hyperventilation. Such a phenomenon may contribute, but it is not 
solely responsible. Uncomplicated hyperventilation does not produce 
acidosis, as is observed in congenital heart disease, but alkalosis.*° 
Furthermore, only a portion of the blood which enters the peripheral 
arterial system traverses the pulmonary cireuit and is available for ex- 
posure to hyperventilation. Nor is anoxemia mainly responsible for the 
changes in carbon dioxide. The profound anoxemia at high altitudes** 
is associated with parallel decreases in alveolar pCO, and the carbon 
dioxide content of arterial blood. The ratio of free to combined carbon 
dioxide tends to remain constant, so that the pH, shows little variation 
from normal. Thus, neither hyperventilation nor anoxemia is re- 
sponsible for an uncompensated acidosis. 
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An increased concentration of acid in the blood could account for all 
of the variations. No adequate study of the acid-base balance of the 
blood of patients with congenital heart disease has ever been reported. 
Our observations (Table II) are comprehensive and instructive. The 
concentrations of the individual bases show a slight decrease in serum 
sodium and a slight increase in serum potassium. The sum of the bases, 
however, although it is at the lower border of normal, is not below 
normal. A deficiency of base, therefore, cannot be held responsible 
for the acidosis and diminished alkaline reserve. The acid side of the 
balance column should be reviewed next. Complete acid-base data for 
Dee. 10, 1937, are assembled in Table IV. The concentrations of all 
of the constituents are expressed in milliequivalents per liter. In this 
sample of serum the concentrations of chloride and phosphate were 
normal, whereas that of proteinate was a low normal. The concentra- 
tion of bicarbonate was reduced about 10 m.M. per liter; this amount 
had been replaced by an equivalent amount of undetermined acid. This 
sample of blood does not represent the extreme, for other samples from 
D. B. showed even greater amounts of undetermined acids. The nature 
of the undetermined acid is not known. Ketone bodies were not present 
in any routine urine specimen that was examined. The content of lactic 
acid was not ascertained, but it is unlikely that this acid accounted in 
large part for the undetermined excess. Increased production of organic 
acids, as well as diminished renal excretion of these and normally ap- 
pearing acids, was probably operative. The evidence in favor of an in- 
creased production of organic acids is indirect. In other conditions 
associated with renal failure, such as bichloride of mercury poisoning,* 
an increased production of organic acid has been assumed. 


TABLE IV 
AcID-BASE CONSTITUENTS OF THE SERUM ON Dec. 10, 1937 


(Concentrations are expressed in milliequivalents per liter.) 


BASES ACIDS 
Sodium 135.9 Chloride 105.6 
Potassium 6.3 Bicarbonate 18.2 
Caleium 4.5 Proteinate 12.8 
Magnesium Phosphate 
Total fixed base 148.2 138.3 


* Assumed. 


Study of renal function and quantitative estimation of renal in- 
sufficiency in patients with congenital heart disease has not been pursued 
intensively by many investigators. Mainzer,** Irvine-Jones,** Hitzen- 
berger and Tuckfeld,*® Leadingham,*® and Segall‘! are the only authors 
that we have discovered who have referred to the subject. In a survey 


of 100 eases of congenital heart disease, Irvine-Jones noted that al- 
buminuria had been reported in thirteen. Few showed cylinduria. It 


774 THE AMERICAN HEART JOURNAL 


was apparent to him that the presence of albuminuria was associated 
with a rapidly fatal outcome. Albuminuria, erythrocytes, and casts 
were noted in the urine of the patient reported by Segall. At autopsy 
the kidneys showed parenchymatous degeneration, but no evidence of 
nephritis. Similar clinical observations were made in Mainzer’s case, 
but no autopsy findings were reported. Hitzenberger and Tuckfeld*® 
noted large amounts of albumin and many erythrocytes and leucocytes 
in the urine of the patient described by them. The blood pressure was 
140/115. Since the patient was only 26 years of age, the elevation of 
the diastolic pressure, together with the urinary abnormalities, points 
toward severe renal damage. The concentrations of the gas constituents 
in the blood were similar to those in our ease. 

Evidence of renal insufficiency in our patient was striking and per- 
sistent. The concentration of nonprotein nitrogen in the serum varied 
between 42 and 54 mg. per 100 ¢.c. during the year before death. The 
maximum specific gravity during two urine concentration tests was only 
1.018. The ability to excrete phenolsulphonphthalein was impaired like- 
wise. In the first twenty-five minutes after the intravenous injection of 
the dye, only 20 per cent was excreted, or 0.8 per cent per minute. 
A normal person should excrete 1.7 ¢.c. per minute during the first 
fifteen-minute period. Finally, intravenous pyelography showed poor 
excretion of diodrast. 

The intake and output studies furnished additional evidence that 
the kidneys functioned poorly and were unable to participate effectively 
in regulating the acid-base balance of the blood. The pH and titratable 
acid of the urine were fixed except during the period of sodium bi- 
carbonate ingestion. It is significant that the ingestion of ammonium 
chloride had little effect upon the urinary pH. It is believed that the 
above-mentioned values were constant because of a decrease in ability 
to form ammonia. Ammonia exeretion was increased above the fixed 
daily amount only after the ingestion of ammonium chloride. Even 
these variations were not great. It is possible that the kidneys had 
become intolerant to the persistent acidosis and were less labile in the 
formation of ammonia than formerly. A complicating and equally im- 
portant factor in the pathogenesis of the renal insufficiency was 
anoxemia. It is presumed by us that anoxemia may produce disturb- 
ances in kidney function without underlying, demonstrable, morphologic 
changes. At least it can be stated that at autopsy no anatomic changes 
were observed in the kidneys which could explain all of the above- 
mentioned findings. 

It is regrettable that the clearance rates of inulin and creatinine were 
not ascertained in the ease of D. B. These observations were collected 
on E. R., however, and the results are probably applicable. E. R. had 
morbus eaeruleus, but was less handicapped than D. B. The clinical 
evidence of renal insufficiency was similar. The inulin clearance of the 
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plasma in the case of E. R. was 65 ¢.c. per minute, and, of creatinine, 
83 ¢.c. per minute. The normal values are 100 ¢.c. and 140 @«., re- 
spectively. It is to be hoped that further observations on renal function 


in cases of morbus eaeruleus will be made in the future. 
SUMMARY 


Clinical, metabolic, and pathologic studies of a patient with advanced 
morbus caeruleus (tetralogy of Fallot) are reported. The patient died 
at the age of 19, and had been cyanosed since the age of 2. He was 
proficient scholastically, and, until a year before death, suffered a 
minimum of handicap from his malady. He was thought to have had 
rheumatic fever at the age of 9 and subacute bacterial endocarditis 
during his last year of life. A colon bacillus abscess of the cerebrum 
was immediately responsible for death. 

The metabolic investigations revealed a profound variation from the 
normal in the acid-base equilibrium of the body, and changes in renal 
function. As much as 75 per cent of the blood in the cardiac chambers 
was thought to traverse a right-to-left shunt. The oxygen saturation of 
the arterial blood varied between 62 and 58 per cent. These are critical 
levels for human existence. The oxygen capacity was about 35 volumes 
per cent. The carbon dioxide content of the arterial blood was less than 
33 volumes per cent. The arterial pH, was less than 7.29. A profound, 
uncompensated acidosis was attributed to the inereased concentration 
of undetermined acids and failure of the respiratory center to maintain 
the usual balance between free and combined carbon dioxide. The 
functional insufficiency of the kidneys was attributed to anoxemia, 
venous congestion, and acidosis. 
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THE DISTRIBUTION OF SURFACE POTENTIAL ON THE 
CHEST IN INTRAVENTRICULAR BLOCK 


A. Bounine, M.D., L. N. Katz, M.D., anp R. LANGENDorRF, M.D. 
Cuicaco, ILL. 


ECENTLY we re-examined a series of 176 cases of intraventricular 
block,! and found that they fall into four major categories: the 
common, the uncommon, and the first and second indeterminate types. 
In the common type, QRS, is upright and of the /\ or |/| type 
(with the first inverted phase tiny), and T, is inverted or diphasic, 
whereas QRS, is usually inverted and of the V or N type (but may be 
upright), and T, is usually upright (but may be inverted). 

In the first indeterminate type, QRS, is upright and of the N or W 
type, and T, is inverted or diphasic; it differs from the common type 
in having a small inverted final phase; QRS, is usually inverted and 
of the N or M type, and T, is upright. 

In the second indeterminate type, QRS, is diphasie and of the N type, 
with a deep, prolonged §,; T, is usually upright. It differs from the 
uncommon type in having QRS, diphasie instead of mainly inverted. 

In the uncommon type, QRS, is inverted or mainly inverted and of the 
N, or rarely V, type; usually there is a deep S,, and T, is upright. QRS, 
is upright, and T, is usually inverted. 

Measurements of the Q-E interval, namely, the interval from the on- 
set of QRS to the onset of the subclavian arterial pulse, led to the con- 
clusion that the common type of intraventricular block is most often 
associated with delay in the left ventricle, and that the uncommon and 
the two indeterminate types are not associated with delay in the left 
ventricle, hence, presumably, with delay in the right ventricle.t How- 
ever, exceptions were found; especially frequent was the lack of evidence 
of Q-E prolongation in the common type of intraventricular block. 

It seemed to us that this view could be checked further by ascertain- 
ing the distribution of the surface potential over the chest during various 
phases of the inscription of QRS, utilizing the method previously de- 
scribed by us. For this purpose leads were taken entirely encircling 
the chest at the levels of the second and of the fourth intercostal spaces 
at the sternal margin in twelve of these eases of intraventricular block. 


From the Cardiovascular Department, Michael Reese Hospital, Chicago. 
~ rn by the A. D. Nast Fund for Cardiac Research and the A. B. Kuppenheimer 
nd. 
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RESULTS 


Chest Lead Variations in the Different Types of Intraventricular 
Block.—Typieal examples of the records obtained are shown in Figs. 1 to 
6.* The chest leads in all of the types of intraventricular block which 
were studied showed a relationship to the limb leads similar to that 
reported for normal and hypertrophied hearts,? namely : 

1. The left midaxillary chest lead at the level of the fourth intercostal 
space was usually almost the exact inverse of Lead I. 

2. Leads at the right scapular region and the right posterior axillary 
area at the level of the second intercostal space were almost identical 
with Lead IT. 

3. Leads in equivalent positions on the left side were almost identical 
with Lead ITT. 

4. The S-T and T segments tended to form a single, continuous 
element. 

5. In the chest leads, as in the limb leads, in these cases of intra- 
ventricular block, the T wave showed a tendency to be directed opposite 
to the major or prolonged phase of QRS. 

In addition, it was found that, when one viewed the entire series of 
chest leads in a ease, there was a greater uniformity between cases than 
is apparent when any pair of chest leads is compared. 

In the common type of intraventricular block the chest leads are 
characterized by large QRS deflections at many points; they are either of 
the V or /\ type, or of the N or |/| type, and in the latter have a 
tiny preliminary phase. W or M types of QRS either are not seen or 
appear in only one or two positions, but N or |/| types, with the two 
phases of approximately equal amplitude, occur at a number of points. 
The contour resembles that of left ventricular preponderance, except that 
QRS is prolonged. In all the cases QRS was downward, or mainly so, 
in the fourth intercostal space in the posterior part of the left axilla. 
Elsewhere, the direction of QRS was more variable. It may be entirely 
upright when the QRS in Leads II and III is also upright (concordant 
type), or, as in Fig. 1, when QRS is up in Lead II. It may be entirely 
upright over the central part of the front of the chest in the fourth inter- 
costal space, as in Fig. 2, or entirely downward throughout the upper 
chest. With this wide variety of contours, it is difficult to see how the 
semidirect lead concept developed by Wilson, et al.,*-° can be held, for all 
of these varieties are considered by their school to indicate left bundle 
braneh involvement. The variation is accounted for more readily by the 
field theory developed by us, as will be shown below. 

The indeterminate and uncommon types of intraventricular block 
have smaller QRS amplitude, and, at many points, W- and M-shaped 


*The chest leads shown are the inverted images of those recommended by the 
American Heart Association Committee on Precordial Leads.’ This is due to the fact 
that they were taken before the above recommendation was published. 
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QRS complexes are seen. The former occur especially over a small 
region on the front of the chest in the fourth intercostal space, and 
have phases of about equal magnitude; no large V or /\ types of QRS 
are found. In addition to the W type, N or |/| types of QRS, in which 
only the second phase is prolonged, are seen at other points. This is 
especially frequent in the second indeterminate type (Figs. 3 and 4), 
and in the uncommon type (Fig. 5). In the first indeterminate type, 
large inverted QRS complexes of the M type are recorded from the left 
axilla, as in Fig. 6. This does not oceur in the second indeterminate or 
uncommon form. These contours, again like those in the common form, 
are readily accounted for by the field theory developed below. 


I I i A 
RAA RSt LSr LMc LAA LMA LSc 


Fig. 3.—Electrocardiograms obtained on a patient with the second indeterminate 
type of intraventricular block. Conventions as in Fig. 1. A, in top row, is a lead with 
the chest electrode over the apex. Discussed in text. At autopsy this heart showed 


multiple infarcts. 


It is thus apparent that intraventricular block can be distinguished in 
the chest leads in the same way as in the limb leads, and that, by study- 
ing both limb and chest leads, the type can be more clearly established 
than from limb leads alone. 

The Distribution of Surface Potential as Ascertained From Chest 
Leads in the Various Patterns of Intraventricular Block.—In our 
previous communication? we pointed out that the chest leads gave in- 
formation concerning the surface distribution of the electrical field 
created by the heart, and that this could be correlated with the character 
of the spread of the impulse and the spread of the restitution process 
through the heart chambers. The modifications caused by hypertrophy 
of the heart were shown to be in harmony with alterations in the mass 
and position of the heart, and did not require the assumption that any 
particular region of the heart determined the character of the deflections 
in any particular chest lead. This general conclusion is supported by 
the evidence obtained from the cases of intraventricular block reported 


here. 
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The surface potential distribution at given instants of the heart cycle, 
namely, during the inscription of QRS and T, was measured in the 
manner described before, and the charts of the zero potential and of 
maximum negative and positive potential in the horizontal plane at the 
level of the fourth intercostal space were constructed in the same manner. 


“12 “14-15 


-20 ~25-20-15 


+5 +6 +1249 +6 

Fig. 7.—Cross-section diagrams representing the distribution of surface potential 
at the horizontal level of the sternal end of the fourth intercostal space in a case of 
the common type of intraventricular block (concordant variety). The several diagrams 
illustrate the state of affairs 0.03, 0.10, and 0.32 sec. after the onset of QRS; the first 
two are during the inscription of QRS, the last, during the inscription of T. Potential 
values are expressed in terms relative to leg potential, in multiples of 0.1 millivolt. 
The zero potentials are emphasized, and the maximum positive and negative potentials 


indicated. Discussed in text. 

The same qualifications concerning quantitative accuracy, as previously 
stated, held here also. This is due to the fact (1) that absolute 
synchrony of the points of time selected in the various leads cannot be 
guaranteed, (2) that the leg (‘‘indifferent’’) electrode is not at ‘‘zero’’ 
potential throughout the heart cyele, and (3) that neutralization of con- 
stant body current and injury currents from the heart before taking 
the record does not permit evaluation of the true potential levels at each 
point. Nevertheless, these inaceuracies do not nullify the value of the 
approach as a first, rough approximation, and do not militate against 
the deductions reached. The surface fields are shown in Figs. 7 to 13 for 
the patients whose electrocardiograms are illustrated in Figs. 1, 2, 4, 5, 
and 6, and for two whose electrocardiograms are not shown; of the 
latter, one was of the concordant upright type, and the other, of the 
common type, with QRS downward over the entire chest. 
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Fig. 8.—Cross-section diagrams representing the distribution of surface potential 
obtained as in Fig. 7 in a case (Fig. 1) of the common type of intraventricular block. 
The several diagrams illustrate the state of affairs 0.02 and 0.08 sec. (during QRS), 
and 0.30 sec. (during T) after the onset of QRS. Discussed in text. 
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Fig. 9.—Cross-section diagrams representing the distribution of surface potential 
obtained as in Fig. 7 in a case (Fig. 2) of the common type of intraventricular block. 
The several diagrams illustrate the state of affairs 0.02, 0.10 (during QRS) and 0.32 
sec. (during T) after the onset of QRS. Discussed in text. 
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Fig. 10.—Cross-section diagrams representing the distribution of surface potential 
obtained as in Fig. 7 in another case of the common type of intraventricular block 
with QRS downward in the chest leads. The several diagrams illustrate the state of 
affairs 0.04, 0.12 (during QRS), and 0.30 sec. (during T) after the onset of QRS. 
Discussed in text. 
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Fig. 11.—Cross-section diagrams representing the distribution of surface potential 
obtained as in Fig. 7 in a case (Fig. 5) of the uncommon type of intraventricular 
block. The several diagrams illustrate the state of affairs 0.03, 0.06, 0.10 (during 
QRS), and 0.34 sec. (during T) after the onset of QRS. Discussed in text. 
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Fig. 12.—Cross-section diagrams representing the distribution of surface potential 
obtained as in Fig. 7 in a case (Fig. 4) of the second indeterminate type of intra- 
ventricular block. The several diagrams illustrate the state of affairs 0.02, 0.04, 0.08 
(during QRS), and 0.28 sec. (during T) after the onset of QRS. Discussed in text. 
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Fig. 13.—Cross-section diagrams representing the distribution of surface potential 
obtained as in Fig. 7 in a case (Fig. 6) of the first indeterminate type of intraven- 
tricular block. The several diagrams illustrate the state of affairs 0.04, 0.08, 0.10 
(during QRS), and 0.28 sec. (during T) after the onset of QRS. Discussed in text. 
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In intraventricular block, as work from this department has shown, the 
effect of the block itself must be differentiated from the associated 
changes in heart contour, mass, and position.*“° Both will influence the 
three dimensional character of the spread of the impulse and of the 
restitution processes which are responsible for the creation of the elec- 
trieal field during QRS and T. 

Variations in the field will thus be determined (1) by the location 
of the block or blocks, since more than one site may be involved, and these 
need not be precisely the same from heart to heart, and (2) by differ- 
ences in the contour and position of the heart and the mass of its various 
chambers. 

The chief difference between the common type of intraventricular 
block and the other varieties is the fact that the former has two phases 
in the development of the field during the spread of the impulse (QRS), 
and the latter have three. There are, in addition, striking differences in 
the direction of the field both during the spread of the impulse and 
during restitution. The differences will be more apparent after dis- 
cussing the surface field in each type and subdivision of intraventricular 
block. 

In the common type of intraventricular block there was a similarity 
of the surface fields in the four cases shown which is typical of the 
series; the differences are chiefly that zero lines vary in their initial 
position and rotate to different degrees in a clockwise direction when 
viewed from above, and that in one form (Fig. 10) the negative field 
seems to be located chiefly posteriorly, below the level of the fourth inter- 
costal space. Further, the electrical field during inscription of the T 
wave is opposite in direction to that during the inscription of most of 
QRS. The field developed during the inscription of QRS in common 
intraventricular block resembles that in left ventricular preponderance, 
and so does that of the T wave, aside from the time constants. This 
would indicate that the spread through the left ventricle dominates the 
electrical field, and so lends support to the view that the block is chiefly, 
if not entirely, in the left ventricle. The restitution is such as to indicate 
a lag of recovery in the left ventricle, which would also support the 
view that the block was chiefly in the left ventricle. 

The variations among these patients in the pattern of the fields is 
attributed, as mentioned above, to differences in the position of the 
heart, the relative hypertrophy of the two ventricles, and the exact 
location of the areas of block. Some clue as to the degree to which 
hypertrophy of the left ventricle determines the field can be obtained 
from a knowledge of the degree of hypertrophy present and from the 
amount of prolongation of the Q-E interval. The shorter the Q-E 
interval and the greater the left ventricular hypertrophy, the more must 
the deviation from normal in the field be ascribed to the hypertrophy. 
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Other influences, notably, loss of large masses of muscle as a result of 
disseminated, small and confluent, recent or healed infarets will like- 
wise play their role in altering the electrical field. 

In the uncommon type of intraventricular block, the first two phases 
of QRS have fields similar to normal, but the third phase is so oriented 
as to indicate a delayed spread of the impulse through the right ven- 
tricle. This last is also true of the field during the inscription of the 
T wave. In short, only after the impulse has spread through most of the 
left ventricle does the dominance of the right ventricle become clear. 
Of course, the time at which this oceurs would vary with other cireum- 
stanees, as discussed above, but mostly with degree of hypertrophy of 
the right and left ventricles. 

The close resemblance of the field in the second indeterminate type 
of intraventricular block to that in the uncommon type confirms the 
former’s close relationship to the uncommon type of block, and supports 
the view that the two are of similar origin. 

In the ease of the first type of indeterminate block the conditions are 
more complex. In the first and third phases, the electrical field shows 
dominance of the right ventricle, but in the second phase this is not 
present, and, during the inscription of T, there is evidence of dominance 
of the left ventricle. This could be produced by any of three combina- 
tions, viz., (1) left ventricular preponderance, with block primarily 
in the path to or in the right ventricle, (2) right ventricular preponder- 
ance, with block primarily in the left ventricle, or (3) block involving 
both ventricles to an approximately equal degree. In these ways one 
could account for the ~arying dominance of the two ventricles on the 
electrical field. Examination of the heart for such hypertrophy, and 
the Q-E interval, would help to evaluate the presence of block in the 
left ventricle. 

The evaluation obtained from such electrical field studies therefore 
lends support to the deduction arrived at from Q-E duration measure- 
ments in determining the location of intraventricular bloeck.t In 
general, the deductions are in accord with those now established as 
result of the work of Wilson and his school,** but with some modification. 
Our results, however, although they lend support to the views concern- 
ing loeation of the block arrived at by Wilson, do not support his inter- 
pretation as to the meaning of the chest leads. The present study gives 
further evidence that the chest leads are not ‘‘semidirect’’ leads, as 
Wilson has argued, but rather depict, at a given point on the chest, the 
orderly alteration of the electrical field created by the passage of the 
impulse throughout the heart (and the restitution process), without the 
exertion of undue influence by the activity of the region of the heart 
beneath the electrode upon the potentials the latter records, 
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SUMMARY AND CONCLUSIONS 


1. Intraventricular block is diagnosed in the electrocardiogram when 
the duration of QRS is 0.12 sec., or more, in the limb leads. It can be 
classified into four types, according to the electrocardiographie appear- 
ance, viz., the common, the uneommon, and the first and second in- 
determinate types. The chest leads in these groups fall into definite 
patterns. 

2. The chest leads represent primarily the fluctuations in the electrical 
field of the region beneath the chest electrode during the spread of the 
impulse and during the restitution process throughout the heart. There 
is no reason to assume that there is dominance of any part of the heart 
over any other; all parts seem to play an approximately equal role in 
producing these electrical effects. The manner in which the impulse 
spreads and the restitution process occurs in the various regions of the 
heart appears to be the determining factor in establishing the electrical 
field. 

3. These studies confirm and expand the views developed by us previ- 
ously regarding the genesis of the electrocardiogram. 

4. These studies confirm our observations in regard to the Q-E 
interval. They show that, although other influences, such as hypertrophy 
and displacement of the heart, as well as the causes which lead to low 
voltage, affect the appearance of the electrocardiogram in intraven- 
tricular block, the various types, by and large, appear to represent 
definite types of delay in the spread of the impulse, namely: 

(a) The common type of intraventricular block appears to represent 
chiefly delay in the left ventricle. 

(b) The uncommon and second indeterminate types of intraven- 
tricular block appear to represent chiefly delay in the right ventricle. 

(c) The first indeterminate type of intraventricular block appears 
to represent a mixture of delay in the right and left ventricles. 


We are indebted to several interns of the department for their assistance in obtain- 
ing the electrocardiograms. 
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THE CHANGES IN THE FORM OF THE BEATING MAMMALIAN 
HEART, AS DEMONSTRATED BY HIGH-SPEED 
PHOTOGRAPHY 


Howarp B. BurcHe.u,* M.D., anp M. B. Visscuer, M.D. 
MINNEAPOLIS, MINN. 


N 1939, Landis, Hunt, Moe, and Visscher’ prepared a series of 

cinematographic films of the beating mammalian heart. The prepara- 
tions photographed were the heart in situ, the heart-lung preparation, 
and the isolated heart. Although the films were prepared for general 
observation and study, it is believed that sufficient information was ac- 
quired to justify recording it permanently. Other investigators have 
used cinematographic records in the study of the heart movements, but 
in the present work ultra high-speed photography was the novel feature. 


METHODS 


The photography was done with three cameras; one had the usual speed of 24 
frames in one second; another had a maximum speed of 600 frames in one second; 
and the third had a maximum speed of about 3,000 frames a second. If the films ob- 
tained from the latter cameras were projected at a speed of 15 frames per second, one 
observed a marked slowing effect on the cardiac movements. This effect, which may 
be called temporal magnification, would have maximum values of 40 and of 600 times. 
In the portion of the films which we have used for analysis, the moderately high- 
speed camera (called ‘‘super’’) took frames at an average rate of 100 per second, 
and the very high-speed camera (called ‘‘hyper’’) took frames at an average rate 
of 1,200 per second. A clock was photographed simultaneously, so that the interval 
between any two of the exposures could be ascertained accurately. 

The interpretation of the films has been pursued in various ways. The longest time 
was spent in repeatedly reviewing the films on numerous occasions and noting 
phenomena as they appeared. The evidence based on these observations is the 
testimony of several witnesses who were in agreement. In regard to the heart shape 
and its changes, we have traced numerous consecutive frames on the reverse side 
of a transparent screen, and have had prints made of certain frames, These latter 
methods have supported our opinions in regard to heart shape which were obtained 
by direct observation. 

Another method of study which contributed to the analysis of the cardiac motion 
was the tracing of the movement of reference points on the reverse side of a 
transparent screen while the projector was running. A second observer checked 
the exact time, by the clock shown on the film, as each point was marked. In this 
way the exact temporal relationships of movement of various points on the ventricular 
surfaces were obtained. 

From the Department of Physiology, University of Minnesota. 


Received for publication April 10, 1941. 
*From the Mayo Clinic, Rochester, Minn. 
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BURCHELL AND VISSCHER: BEATING MAMMALIAN HEART 


THE SHAPE OF THE HEART IN SYSTOLE AND DIASTOLE 


It will be readily recalled that, when the thoracie cage is opened, and 
particularly when the heart is removed therefrom, this organ loses the 
support of its semifluid environment and the influence of the negative 
intrathoracic pressure. The heart is then more subject to change in 
shape, and this shape distortion will be that of flattening. The latter 
will be functions of the intraventricular tension and myocardial elastic- 
ity. The isolated normal dog’s heart, when in good condition, shows 
considerable flattening, particularly when its base and apex lie in a 
horizontal plane. In hearts suffering under a greatly increased load, 
very little flattening is seen. This has been interpreted as indicating 
that the diastolic volume has increased to a point where the ventricular 
wall cannot lengthen without considerable increases in intraventricular 


pressure. 


Isolated Heart. 


Minimal Aortic Pr. 85 mm. Hg. 

Minimal Pulmonary Pr. 22mmHg. 

Output (Lt. Ventricle) 400 


Time Sequence 


.00 
05 
-10 \ systole 
15 


© 


35 


Fig. 1.—A ventral, inferior view of an isolated heart, showing the course of refer- 
ence points on the epicardium during the cardiac cycle. Dots of the same number indi- 
cate synchronous positions in the spatial course of any reference point. To be particu- 
larly noted are the early lateral direction of point A (from 1-3), indicating early dis- 
tension of the pulmonary conus, and the early marked movement of points B and C in 
the long axis of the heart, indicating a shortening of this axis. The various reference 
points are labeled A, B, C, D, E, F. PC, Pulmonary conus; JV, interventricular groove ; 
LV, left ventricle. To avoid complication of the figure, only the synchronous positions 
1, 8, and 6 are numbered. From these numbers the sequence of the dots from 1 to 18, 
with intervals representing 0.05 sec., can be readily followed. The line between any 
two dots, representing space over unit of time, is actually a measure of velocity, as 
well as of direction of movement. 


The isolated heart, when lying on its side, will thus have the shape of a 
bulging cone flattened in its vertical diameter. With the onset of systole, 
the heart approximates a spherical shape very rapidly, and the gross 
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movements of the ventricular wall in systole are attributable to the 
shape differences in diastole and systole. Throughout the ejection period 
the heart maintains its close approximation to the spherical shape. The 
degree of rotation of the heart and torsion of its apex during systole 
varied in different hearts, and was seemingly dependent upon the 
diastolie and systolic volumes. 


te, 


Heart 46 
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| 90 see. 
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4 15 
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Heart 


Fig. 2.—Direct apical views of two hearts, showing the course of reference points 
during the cardiac cycle. In Heart No. 6 the movements are mainly in an antigravity 
direction; this we attribute to change in shape and a lifting of the apex. A slight 
clockwise rotation is demonstrable by joining positions with the same number. The 
movement of the point on the pulmonary conus is similar in type to that in Fig. 1, 
but the curve is distorted due to its position in the background of the photographic 
field. 

In Heart No. 11, there is much more torsion during systole; the heart turned about 
40° clockwise, after a slight counterclockwise movement. During the rotation, the 
point on the auriculoventricular groove did not move appreciably, indicating that the 
movement was entirely a torsion (“wringing’’) movement, without any definite rota- 
tion of the whole organ. 


By following reference points on the ventricular surfaces and their 
time relationships, a clear picture of the heart movements may be 
obtained (Figs. 1 and 2). It is observed that all points on the ven- 
tricular surfaces rise rapidly during the first third of systole (between 1 
and 3 in Fig. 1), and this is to be attributed to the fact that the heart 


assumes a spherical shape. This is further to be noticed by following the 
course of points B and C, in Fig. 1, where there is a clear demonstration 
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of a shortening of the long axis of the heart in early systole. Again, 
with reference to the course of the points on the left ventricle, it may be 
observed that the apex early in systole shows a torsion effect, with a 
slight rotation contraclockwise, followed, however, by a more marked 
rotation in the clockwise direction immediately before the onset of 
diastole. These movements can be demonstrated in Fig. 1 by joining 
points of the same number, which are isochronic. This type of con- 
secutive rotation, which we have observed repeatedly, could be related 
to the superficial and deep musculospiral bundles of the heart, which 
lie roughly at right angles to one another. 

In the tracing of point A (Fig. 1), the first part of the curve repre- 
sents the distension of the pulmonary conus in early systole, which is 
readily seen on direct observation. The next part of the curve shows a 
rapid upward rise, due mostly to a rising of the whole heart, then a slight 
rotatory effect counterclockwise, followed by a clockwise rotation of the 
whole heart, as demonstrated by a movement of the reference point to- 
wards the right. In the tracings of points on the apex, the curves may 
be mainly in a vertical direction (Fig. 2). The slight, though definite, 
evidence of rotation in Heart No. 6 can probably be explained in part 
by the fact that these points are very close to the axis of rotation. 

It will be readily appreciated that these figures represent movements 
of points in three dimensions, as projected on a frontal plane. This 
fact, together with slight indistinetness of the borders of the reference 
points and machine vibration, makes it impossible to obtain any very 
accurate measurements between any two points during the latter part of 
systole. 

When the heart is distended, i.e., approaching its maximum diastolic 
volume, it maintains a roughly spherical shape throughout the whole 
eyele, and the movement of systole is to be made out with some difficulty. 
This slight movement is readily understood when one remembers that the 
ejected blood is changing the volume of a sphere which is a function of 
the cube of the radius. In such distended hearts we have been unable to 
observe apical rotation, and it is our belief that the ‘‘wringing-out’’ con- 
traction occurs only at small systolic volumes. 


SPECIAL CONSIDERATIONS REGARDING THE RIGHT VENTRICLE 


This study has been illuminating with respect to the events which 
oceur in the right side of the heart, particularly in regard to a differentia- 
tion of the right ventricle into inflow and outflow tracts, as emphasized 
anatomically by Kireh.? During systole, we have said that the ventricle 
approximates the shape of a sphere. Actually, the cavity of each ven- 
tricle would tend to assume a spherical shape, and, because of the higher 
pressure in the left ventricle, the systolic shape of the heart would be 
determined by the left ventricle, with the right ventricle acting as an 
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Fig. 3.—Figures obtained by tracings of the maximum di 
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appendage. This theoretical consideration is in agreement with our 
observations. It seems an unequivocal fact that the cavity of the lower 
and posterior portion of the right ventricle is reduced in volume because 
of the spherical shape assumed by the left ventricle in early systole, so 
that the right ventricular blood is stored during the isometric contrac- 
tion and early systolic period in the pulmonary conus (Figs. 3 and 4). 


Fig. 4.—Reproductions of two photographic frames, showing the isolated heart at 
the end of diastole and 0.15 sec. later in mid-systole. The flattened shape of the heart 
and collapsed pulmonary conus are seen in the first photograph and the roughly 
spherical shape of the heart and distended pulmonary conus are seen in the second 
photograph, The movements of points on the surface of the heart were studied by fol- 
lowing the displacement of the markers, which were small squares of white paper. 
The clock, marking hundredths of a second, is seen at the right of each frame. 


With an increase in pulmonary blood pressure there is dilatation of the 
right ventricle in the region from the right ventricular apex to the pul- 
monary artery (outflow tract), which appears as a distended, tubular 
organ: These observations are in agreement with the idea expressed by 
Kireh, namely, that dilatation begins in the outflow tract of the right 
ventricle when this chamber is under continued strain. 


‘ 
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SYSTOLIC AND DIASTOLIC WAVES IN THE PULMONARY CONUS 


Observations on systolic and diastolic waves in the pulmonary conus 
have given further support to the idea that the inflow and outflow 
tracts of the right ventricle exist as separate functional units. There is a 
considerable difference in the degree of distension of the pulmonary 
conus in systole which is dependent upon the diastolic volume and 
pulmonary pressure. 


In a rapidly beating heart, photographed in situ, we have seen that the 
pulmonary conus was little filled in diastole. Then, with the onset of 
systole, the pulmonary conus and pulmonary artery have acted as a 
continuous unit ; what might be called a ‘‘bolus’’ of blood passed quickly 
from the right ventricular apex into the pulmonary artery. With this 
mechanism of emptying, there is an early, rapid, slight caudad move- 
ment of the heart, or ‘‘recoil.’’ Colloquially we have referred to this 
phenomenon as a ‘‘pistol-shot’’ ejection. 


Under conditions in which the pulmonary conus contains a consider- 
able amount of blood we have noted an early, faint systolic wave which 
was propagated rapidly over the pulmonary conus to the pulmonary 
valves, and then reflected backward toward the apex. We are tempted 
to believe that this rarely observed wave indicates that inflow tract blood 
is entering the outflow tract, and that it is probably related to contrac- 
tion of the left ventricle because the latter chamber early assumes a 
spherical shape. 

During diastole, the pulmonary conus is the site of an interesting wave. 
With low pulmonary pressures the conus of the right ventricle may be 
totally collapsed at the onset of diastole, and a fluid wave is frequently 
seen to pass from the apex to semilunar valves and back again in the 
same manner as a fluid wave might travel in a collapsed bicycle tube. 
As this wave takes from 0.12 to 0.15 second for its complete journey, 
it travels fairly slowly, probably about 1 meter per second. This wave 
is believed to accompany some of the first blood which enters the right 
ventricle from the auricle, causing a wave to travel back and forth in the 
outflow tract before pressures are stabilized. This surging diastolic 
wave in the pulmonary conus is best seen with a temporal magnification 
of about eight times. Inasmuch as the wave appears mainly as a 
sequence of high lights and silhouette changes, it cannot be illustrated 
here. The possibility that such waves might be related to the physiologic 
third heart sound has been entertained. That this wave might be the 
cause of the diastolic vibration that Kountz and his co-workers’ have 
recorded seems a probability. The wave they described was usually of 
low frequency, without acoustic value, and occurred at the point occupied 
by the normal third heart sound, although the third heart sound might 
not be heard. 
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GENERAL COMMENT 


There were several other phenomena that seem sufficiently interesting 
to record, although they only confirm what has been previously demon- 
strated in cardiac contraction. Following the administration of acetyl- 
choline, the isolated heart showed periods of asystole lasting three to 
four seconds, and the first beat was manifested by a striking functional 
insufficiency of the tricuspid valve. The auricle became markedly 
distended with the ventricular contraction, and this could be correlated 
in time with the ventricular diminution in volume in its ejection period. 
This would indicate that, when there is prolonged asystole, the right 
auricle and ventricle form a common chamber and that the valve becomes 
insufficient as a result of the increased ventricular diastolic volume. We 
suspect that the marked venous pulse in the neck which is observed 
clinically with the returning cycle after an extrasystole, when the heart 
is beating slowly, is an analogous event. 

After the administration of adrenalin, the increase in the force and 
rate of the cardiac contraction is readily followed. The upward stroke 
of the curves of the reference points is shortened in time, and the heart 
attains its spherical size so quickly that there is an ‘‘overshooting’’ due 
to the increased momentum, which produces a bouncing effect in the 
ordinary motion picture. 

It has been shown by Visscher‘ that the partition of the coronary blood 
between coronary sinus and Thebesian drainage is a function of the 
aortic pulmonary pressure difference. It was suggested that increased 
pulmonary pressure played a nefarious role in right ventricular failure 
by interfering with the right ventricular blood supply, which is largely 
drained by the Thebesian system. The cinematographic records of the 
isolated heart show that distension of the right ventricle, produced by 
increments of pulmonary pressure, is improved by a later increase in 
aortic pressure. <A quantitative study of this phenomenon has not been 
possible by this method of observation. 

In a study of ventricular fibrillation high-speed photography did not 
contribute anything of exceptional interest. We have observed, however, 
that the onset of fibrillation may be characterized by undulatory move- 
ments of rather large masses of ventricular muscle. The later, finer, 
fibrillary movements and atonie phase, as described by Wiggers,°® are not 
readily discernible in our records. 

Our evidence regarding the geometrical changes caused by cardiac 
contraction is in accord with that of Brednow.® He also traced the 
course of reference points on the ventricular surfaces and noted par- 
ticularly, as we have done, the shortening of the long axis of the heart. 
Our films were not taken with the view of correlating the cardiac output 
with the change between systolic and diastolic volumes. There are many 
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difficulties attendant on such ealeulations. Strughold’ has maintained 
that cinematography in one plane is an accurate method of estimating the 
stroke output of the heart. His pictures were taken from a superior as- 
pect, so that, as the heart rose to a spherical shape, the peripheral outline 
would become smaller, independent of the output. Whether his corree- 
tion, which was based on checking the eamera-object distance, was ade- 
quate is somewhat questionable. With a suspended, isolated heart, we be- 
lieve that cinematography, from a lateral direction, would give accurate 
figures for systolie and diastolic size but as a method for the measurement 
of eardiae output it would be by no means void of assumptions. 

It was hoped that ultra high-speed photography might give us data 
on the finer details of ventricular events and rapid vibrations of the heart 
wall, but in this we were disappointed. We have noted A-V conduction 
time from the mechanical events, but one could not claim adequate ae- 
curaey for the figures obtained. 

We are fully aware that the dog’s heart differs from the human heart 
in that the pulmonary conus is relatively longer, and the apex is formed 
entirely by the left ventricle, but we do not believe that such differences 
would invalidate the application of our results, in a limited way, to the 
human heart. It is stated generally that there is a counterclockwise 
rotation of the heart, as viewed from the apex. Species differences are 
possible, but, for the dog’s heart, we are certain that the greatest rotatory 
effect is clockwise. If our observations on the storage of right ventricular 
blood in the pulmonary conus during systole can be transferred to the 
human heart, it may explain the occasional roentgenkymographie ob- 
servation of paradoxical systolic movement of the upper left border of 
the human heart. 

SUMMARY 


The mechanies of cardiae contraction, as studied by high-speed 
photography, have been described. The study has brought forth strong 
evidence that, although the gross movements of the ventricular wall are 
related to changes in form, the diminution in volume in systole is roughly 
a function of changes in spherical size. For the dog’s heart, it has been 
shown that the greatest rotatory torsion movement is clockwise; that is, 
the right ventricle occupies a greater percentage of the anterior 
(ventral) aspect of the heart. In these experiments we obtained con- 
firmatory evidence that the right ventricle is composed of two distinct 
units, namely, the inflow and the outflow tracts. An early diastolic 
wave over the pulmonary conus which is reflected back from the closed 
semilunar valves is seen with regularity. 
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THE ELECTROCARDIOGRAM IN INDUCED FEVER 


Puiture T. Kntes, M.D. 
CoLUMBUsS, OHIO 


ECAUSE minor electrocardiographie changes have been observed in 

many common febrile diseases,| and marked alterations noted in 
malaria, pneumonia, and typhoid fever,?* similar changes might reason- 
ably be expected with induced fever. However, the duration of natu- 
ral fevers and their frequently nonremitting character are points of dis- 
tinction from induced fever, and differences may therefore be expected 
in the respective electrocardiographie effects. For example, the pro- 
longed auriculoventricular conduction time of natural malaria and the 
bradycardia of typhoid fever are uncommon in induced fever and may 
depend upon specific toxic effects of those infections. 

Furthermore, although the effects of natural fevers upon cardiovas- 
cular physiology have been ascribed uncertainly to thermal, toxic, or 
mechanical factors, induced noninfectious fever affords an opportunity 
for critical evaluation of pure thermal change as it affects the pulse, 
blood pressure, cardiae output, blood flow, and electrocardiogram.” *™* 
Clinical and experimental studies of the electrocardiogram in fever 
have appeared in the literature. 

Influence of Thermal Changes Upon the Electrocardiogram of Ani- 
mals.—Stimulation of the hearts of animals by the application of heat 
or cold to the exposed organ has resulted in electrocardiograms charac- 
teristic of the areas so stimulated, and in a shortening by heat and a 
lengthening by cold of electrical systole and diastole.'® * 

In induced fever in animals, marked changes in the cardiac mechanism 
have been rare, though auriculoventricular block and ventricular rhythm 
have been deseribed.? Negative P waves have become positive. Shorten- 
ing of the P-R"* and R-T® intervals has been noted, and decrease in the 
amplitude of the QRS complex and notching of its deflections have been 
described.” T waves have been increased in height or inverted. Deep- 
ening of Q waves, disappearance of S waves, and S-T deviation from the 
isoelectric line have also been found. Some observers have noted changes 
which they were ‘‘accustomed to associate with coronary deficiency.’ 
In general, however, the effect of induced fever upon the animal electro- 
eardiogram is surprisingly insignificant, at least until critically high tem- 
peratures are reached. 
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Furthermore, it is uncertain that these effects on animals, except those 
which follow the direct application of heat or cold, have been due en- 
tirely to thermal changes. For example, Cignolini has considered that 
the slight bradyeardia and decreased systole noted in dogs during radio- 
induced fever may possibly be a specific effect of that form of energy 
upon the bundle of His and the adjacent sympathetie ganglia, independ- 
ent of the heat indueed.® 

Influence of Fever Upon the Human Electrocardiogram.—The electro- 
cardiographie effects of infectious, radio-induced, and diathermie hyper- 
pyrexia have been studied in man. In general, these changes, also, have 
been of a relatively minor nature,® * *° or have been considered within 
the permissible limits of variation from the normal.’ 

All changes have been proportional to the degree of fever induced, 
reaching a maximum at its height and receding with it, although with 
some lag. Neyman'® has reported persistence of electrocardiographic 
changes for a few days after fever, but permanent alterations have rarely 
been found.® 

The effects of malaria upon the electrocardiogram were studied by 
Mikawa, et al.,° and by Weicker, et al.,' in twenty-five cases of neuro- 
syphilis. Of the latter group, all but five patients had moderate to 
severe hypertension, and nine showed radiographic evidence of aortitis. 
This may account, in part, for the author’s conclusion that therapeutic 
malaria is more dangerous than other forms of induced fever. Fatal 
occlusion of a coronary artery occurred in one ease during the fourth 
chill, and, in several others, there were minor T-wave changes to which 
‘*a coronary significance’’ was attached. 

Alterations of the electrocardiogram during short-wave radiotherapy 
were observed in twenty-four normal subjects and six eardiae patients 
by Domenighini and Grigolo,> who used transthoracie radiation without 
permitting any rise in general body temperature. Alteration of skin 
conductivity caused by perspiration and peripheral vasodilatation was 
thus thought to be eliminated. No untoward reactions were observed, 
and it was concluded that at least some of the effects were due to a spe- 
cific action of the radiation, apart from thermogenesis. However, the 
similar results obtained by Perinati (quoted by Domenighini®) with 
diathermy suggest that the common temperature increase may be more 
important than the particular form of energy employed. 

Vesell and Bierman® reported in detail the electrocardiographic 
changes during radiotherapy and diathermy in ten eases in which a fever 
of 104° to 106.5° F. was maintained three to five hours; they were un- 
able to infer that any eardiae damage had been induced. Details of their 
observations will be diseussed later in comparison with the present study. 

We have found in the literature to date no analysis of the electro- 
eardiographie alterations in fever induced in the air-conditioned cabinet 
of Kettering, which would presumably afford a clear view of the effects 
of pure thermal change upon cardiac electrophysiology. 
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Mechanisms operating to produce electrocardiographie changes in 
fever may include alterations in blood and tissue pH caused by varying 
carbon-dioxide and lactic acid econcentrations.® For example, alkalo- 
sis is at times encountered in fever therapy,’® and this has been shown 
by Barber, et al.,'* to be capable of producing deformity of the ventricu- 
lar complex. Increase in metabolism and eardiae output, as well as 
peripheral vasodilatation® and hemoconeentration, may also affect the 
electrocardiogram. Many of the electrocardiographie alterations ob- 
served in induced hyperpyrexia have been ascribed simply to a change 
in the heart rate, for they have oceurred also during sinus tachyeardia 
after exertion. 

Electrocardiographic Alterations Previously Described—Changes in 
rhythm, aside from tachyeardia, have been infrequently noted and have 
usually involved a shift from an abnormal prefebrile rhythm to a normal 
one. Weicker, et al.,'' reported the elimination of auricular extrasystoles 
for eight days after induced fever; auricular fibrillation, however, was 
unaffected. 

The P-R interval is usually shortened in artificial fever, and Weicker, 
et al.,1 found in only one instance the increased duration reputedly com- 
mon in natural malaria; Mikawa, et al.,° however, reported that the con- 
duction time is generally prolonged after the chill. 

An increase in the voltage of all component deflections of the electro- 
cardiogram, and especially of the S wave, was also noted by Mikawa, 
et al. However, even though the S wave be considerably deepened, 
the sum of the R and S deflections has usually been found to be less 
during, than before, fever.*»® To this observation Domenighini and 
irigolo® attach an interesting interpretation. Considering the electro- 
cardiogram as an index to the mechanies of cardiae action, they have 
assumed that a diminished sum of R and §S in induced fever, without 
‘ardiae failure, signifies that the eardiae work has been accomplished 
by less than the previous expenditure of energy. This they attribute 
to improved coronary circulation or more efficient eardiae contraction, 
and upon these concepts they and Fianbaea explain their apparently 
favorable results after radiotherapy of the chest in angina pectoris. 

T-wave alterations, variable in type and degree, have usually in- 
cluded a diminution in voltage. Weicker, et al.,"' reported an instance 
in which a negative T,, diphasiec T, and isoelectric T, became up- 
right during fever. T, has been the most labile portion of the electro- 
eardiogram, in the experience of all investigators. 


METHOD 


Six men and fourteen women, whose ages averaged 42 years, between extremes 


of 21 and 57, received from one to nine inductions of fever in the air-conditioned 
Kettering cabinet. Fifty-two such treatments were observed, making an average 
of two and one-half treatments per patient; the mean duration was four and one- 
half hours, between limits of two and one-half and ten hours. The treatment 
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was for arthritis in nine instances, for taboparesis in three, for other forms of 
syphilis in six, and for gonorrhea in one. All of the patients had been carefully 
examined before the induetion of fever, and those who had cardiovascular disease, 
beyond minor arrhythmia or moderate hypertension, were eliminated. 

The maximum prefebrile blood pressure of the group was 182/116 mm. Hg, 
which changed during fever to 128/86 mm. Hg; this was accompanied by small 
S-T alterations, but not by subjective complaints. The average change in blood 
pressure in the entire group during fever was a decrease of 24 mm. Hg, systolic, 
and of 12 mm. Hg, diastolic. A return to the original levels occurred quickly in 
all cases after the cessation of fever. 

Records were made with a string galvanometer, and in each instance the stand- 
ard leads were taken before the induction of fever, during its rise, at its height, 
and upon its subsidence; additional tracings were taken in many instances. The 
electrodes were reapplied before each tracing, and the standardization was 
checked before each section. Notable changes in the electrical resistance of the 


patients were seldom encountered. 
RESULTS 


Sinus tachyeardia oecurred in 


Changes in Rythm and Conduction. 
every instance; it was most marked during the induction of fever, with 
often a slight recession later, even though the fever had been maintained. 
As others have observed, the inerease in heart rate was due principally 
to shortening of the T-P interval. In one ease, recurrent ventricular 
escape was not observed after the first treatment; in another, multiple 
pacemakers disappeared during and immediately after fever, but later 
observations were not available. Numerous ventricular extrasystoles 
were eliminated in a third ease during treatment, but returned later; 
this may have been due to a change in heart rate alone. 

The P-R interval was usually found to be decreased in all leads by 
0.02 to 0.04 second during fever; it returned rapidly to the original 
duration after the treatment, when it occasionally became 0.02 second 
longer than before fever. In every instance the original duration had 
been recovered before the next treatment. Similar observations were 
made by Vesell and Bierman,’ in whose series the maximum decrease was 
0.05 second during fever. 

These authors reported that the P waves were diminished by 0.01 to 
0.02 seeond in duration, with a maximum ehange of 0.04 second, and that 
the QRS complex was shortened by a maximum of 0.04 second, but re- 
mained unaltered in some instances and inereased in a few. Similar 
observations were made in the present series. 

In no instance was the QRS complex sufficiently prolonged to indicate 
a serious intraventricular conduction defect. 

Vesell and Bierman’ reported that the T wave was more often dimin- 
ished than inereased in duration, and that the ventricular, or R-T, see- 
tion of the electroecardiogram in their series was shortened in all cases 
in Lead I, but inereased in five of ten cases in Lead IT or IIT, or both. 
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Such an analysis is rendered extremely difficult by the uncertainty of 
measurement and was not attempted in the present study. 

Changes in Voltage.—Beeause of the fact that some patients received 
more treatments than others, changes in the deflections of the electro- 
cardiograms were analyzed with respect to the number of cases in which 
they occurred, as well as to the number of treatments. This double 
analysis demonstrated that changes in any part of a tracing usually oe- 
eurred consistently in all of the treatments of a given patient; there 
were, however, exceptions, particularly in the QRS complex and the 
T wave. 

The P waves in all leads usually were increased in height during 
fever; the maximum increase was 2 mm., but some remained unchanged 
and a few became smaller. After fever, the deflection usually returned 
to its original height, and in several instances became even lower than 
before fever in Leads I and II; a post-febrile height greater than the 
original was commonly noted in Lead III. These observations are simi- 
lar to those of Vesell and Bierman,’ in whose series, however, a greater 
proportion of records showed diminished height during fever. 

The same authors noted one instance in which Q, was sufficiently 
large during fever to fulfill the criteria for ‘‘ prominent or significant 
Q,,’’ but the usual Q-wave changes in the present group were less than 
1 mm., and diminution in height was more common than increase in 
Leads I and II. Q, was usually deeper after fever than before it, but 
with a maximum difference of 1 mm. A return to the prefebrile con- 
tour was usually prompt, but in one instance Q, remained larger during 
the period of observation than it had been before treatment. 

The R waves of all leads usually decreased in height during fever, 
but they recovered promptly, and this often began late in the treatment 
and continued after it; at times they became higher than before fever. 
A compensatory decrease frequently occurred after the occasional 
early increase in the height of R,. The maximum changes observed 
were 4 mm. in Lead I, 17 mm. in Lead II, and 7 mm. in Lead III. These 
alterations were not due to a change in the electrical axis; the latter 
appeared to be little affected by fever, as pointed out by Vesell and 
Bierman.® 

These writers found that in several instances the height of the R 
deflection was less during fever than the normal minimum of 5 mm. 
but reported no slurring of the wave. The latter occurred in one case 
in the present series, and was associated with minor changes in the 
contour of the QRS complex and flattening of the T wave. During the 
next fever treatment of this patient, R, and R. were significantly 
slurred, and R, was completely obliterated. After both treatments the 
S-T, and S-T, segments remained slightly elevated temporarily, al- 
though the patient experienced no reaction suggestive of stenocardia. 
Later, fever did not produce such changes in this case. In the tracings 
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of another patient a slurred notch on the prefebrile S wave was dis- 
placed forward to a point near the apex of the R deflection during 
fever and moved back to its original position during recovery. 

A deepening of S, occurred frequently during fever, but S, and §, 
were usually unaltered; the maximum change was 4 mm. in Lead III. 
Vesell and Bierman® reported increased depth of the S wave in Leads 
I and III, and equal numbers of increases and decreases in Lead II, 
with a maximum change of 4.5 mm. in Lead ITI. 

R was added to S to permit comparison with the observations and 
interpretations of Domenighini and Grigolo, as noted above. RS, and 
RS, were generally decreased, as stated by these authors, but RS, was 
usually increased. The maximum diminution of R plus S was 10 mm. 
in Lead III. In all leads these changes were usually overcompensated 
later, especially after fever. Thus, granting for the moment that a 
decrease in R plus S is an indication of greater cardiac efficiency dur- 
ing fever, the overcompensation after subsidence of the fever would 
indicate that there is a dangerous phase of cardiac inefficiency after 
hyperpyrexia. 

In the present series the S-T segments of all leads remained almost 
uniformly isoelectric, and all deviations were less than 1 mm. Vesell 
and Bierman® reported equally uniform depression of the S-T segment 
in Leads I and II and elevation in Lead III, but the changes were of 
the same order as in our eases. 

The T wave in Lead I was usually decreased in height during fever, 
but later returned to, or exceeded, its original size. T, was increased 
and decreased equally often. T, was heightened by the majority of 
treatments, but decreased slightly in the majority of patients. The 
maximum changes were 3 mm. in T,, 1 mm. in T,, and 5.5 mm. in T,. 
The observations of Vesell and Bierman® were not significantly differ- 
ent but included three instances in which a prefebrile inverted T wave 
in Lead III became upright during treatment. In our own group a 
change from plus 2 mm. to minus 3.5 mm. occurred once in Lead III, 
and less inversion was observed in four other instances. T, and T, 
were never found to be inverted during fever. 


DISCUSSION 


The present study adds to previous reports, especially that of Vesell 
and Bierman,’ a detailed analysis of fifty-two electrocardiograms which 
were recorded on twenty patients during the induction of fever in the 
air-conditioned hypertherm of Kettering. The observations correspond 
closely with those of others on the human and animal electrocardiogram 
during fever and demonstrate the consistently minor nature of the 
electrocardiographic changes. The latter observation suggests that fever 
has only a slight direct influence upon the electrical activity of the heart 
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and that extracardiae factors are important in the production of the 
cardiovascular changes which oceur in natural fever. 


CONCLUSIONS 


1. The electrocardiographie changes during hyperpyrexia, induced in 
the air-conditioned cabinet of Kettering, were observed through fifty-two 
treatments of twenty patients. 

2. These changes were usually insignificant, and quickly disappeared 
when the fever subsided. In many instances, a temporary overcompen- 
sation occurred in the late febrile, or postfebrile, period. No permanent 
changes in the eleetrocardiogram were noted. 

3. In no instance in the present series of patients, all of whom had 
normal hearts, were changes characteristic of coronary insufficiency ob- 
served, and no eardiae damage appeared to have resulted, insofar as the 
electrocardiogram and clinical observation permitted judgment. 

4. In view of the close correspondence of the observations in the pres- 
ent series with those previously noted when fever was induced in other 
ways, it would appear that the observed changes are the result of physio- 
logie processes incidental to the temperature increase, without regard to 
the mode of its induction. 
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MYOCARDIAL DEGENERATION WITH HYPERTROPHY AND 
FAILURE OF UNKNOWN CAUSE 
JoHN A. REISINGER, M.D., AND Bast. BLUMENTHAL, M.D. 
WasuHineton, D. C. 


HE relationship of cardiae enlargement and heart failure to factors 
such as chronic valvular deformity and sustained hypertension, 
which require more work of the heart in order to maintain an adequate 
circulation, is well recognized. Although these causes for an inereased 
cardiac load are present in a large percentage of patients with congestive 
heart failure, strain alone is not an entirely satisfactory explanation for 
the transition from compensation to decompensation without assuming 
some change in the status of the myocardium. This concept is not of 
recent origin, for William Stokes wrote, in 1854, ‘‘It was long ago ob- 
served by Laénnee that valvular diseases had but little influence on 
health when the muscular condition of the heart remained sound, and 
every day’s experience confirms this observation.’’ Many might con- 
sider this statement too dogmatic, but nevertheless would agree that the 
intrinsic integrity of the myocardium is the critical factor in eardiae 
function. Certainly, myocardial insufficiency occurs in the absence of 
valvular deformity or hypertension, and, even when causes for strain are 
existent, failure may be primarily due to depression of myocardial fune- 
tion by intoxications, infections, or metabolic disorders. Most often an 
inadequate coronary blood supply caused by coronary arteriosclerosis 
is responsible for the myocardial damage, although the possible noxious 
agents are numerous. It is frequently difficult to classify patients with 
myocardial insufficiency etiologically, and there is a tendency to assume, 
by exclusion, the presence of coronary arteriosclerosis in the absence of 
obvious causes for failure, particularly in middle-aged and older adults. 
Such reasoning will often give a correct diagnosis, but there is the in- 
herent danger that the etiologic classification of coronary arteriosclerosis 
will be abused as much as the anatomic term, chronic myocarditis. It 
seems desirable to emphasize the possibility that cardiac enlargement 
and myocardial insufficiency may occur in the absence of the more com- 
mon causes, and, in fact, in the absence of any discoverable cause. For 
this reason, and because of their interest, we have selected from 150 
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autopsy examinations, made in the last two years, five eases in which 
there were degenerative changes in the myocardium without apparent 
eause. Four of the five patients were known to have syphilis, and the 
relation of this to the cardiae disease will be discussed. 


REPORT OF CASES 


Case 1.—S. T. L., a 45-year-old negro barber, had been well until four years be- 
fore admission to the hospital. As a young man he had been a professional athlete, 
and had continued to be very active until the onset of his illness. About April, 
1935, he first noted fatigability and slight dyspnea on climbing steps. His weight 
gradually declined without obvious cause, and about eight months after the onset 
of symptoms he suddenly developed a severe attack of dyspnea, orthopnea, and 
cough, necessitating six weeks’ confinement in bed. At that time he was told that 
he had ‘‘heart disease.’’ He recovered from this acute attack, but the dyspnea 
on exertion became more incapacitating, and he entered a hospital about a year 
after the onset of symptoms. At that time he weighed only 170 pounds, which 
was forty pounds less than his previous weight. His heart was considerably en- 
larged, and there was evidence of pulmonary congestion. There were no murmurs or 
arrhythmia, and the blood pressure was 124/84. Electrocardiograms revealed a first- 
degree auriculoventricular block and intraventricular block. The blood cell count 
was normal except for 51 per cent lymphocytes in the differential leucocyte count. 
The blood Wassermann and Kahn reactions were negative, and the urine was normal. 
The patient remained ten weeks in the hospital and improved considerably on rest 
in bed and digitalis. After discharge his activity was limited, and he did fairly 
well for about three years, although climbing steps invariably caused breathlessness. 

In the spring of 1939, however, exertional dyspnea became more severe, and, 
within a month, severe paroxysms of dyspnea, especially at night, forced the patient 
to come into the hospital again. He again showed evidences of pulmonary con- 
gestion, but no hepatic enlargement, ascites, or edema. The heart had increased 
in size; no murmurs were audible; the rhythm was normal; the sounds were distant ; 
and the pulmonic second sound was louder than the aortic second sound. The blood 
pressure was 104/84. The electrocardiogram again showed first-degree auriculoven- 
tricular block and also left bundle branch block. The hemogram showed a persistent, 
relative lymphocytosis as high as 69 per cent. 

The patient made very little improvement, and, since the shape of the heart sug- 
gested pericardial effusion with tamponade, paracentesis of the pericardium was 
undertaken. Only a small amount of bloody fluid was obtained. The patient’s 
condition continued to become worse, and he died about four years after the onset 
of symptoms. 

Autopsy.—The pericardium contained about 500 ¢.c. of unclotted fluid mixed with 
blood; the latter probably was the result of trauma to the heart during the para- 
centesis. The heart weighed 742 Gm., but the walls were stretched thin and cut 
with considerable resistance; the cut surface presented a grayish, glistening appear- 
ance. There were no gross lesions of the endocardium or valves, and no ante-mortem 
thrombus was present. The aorta retained its elasticity, was not dilated, and showed 
only a small amount of atheromatous change. No obstruction of the coronary ostia 
was present, and, except for scattered patches of intimal yellowing in the first part 
of the anterior descending artery, the coronary vessels were grossly normal. There 
was a hemorrhagic infarct in the lower lobe of the right lung which was of recent 


origin. 
Histologic Examination.—The entire myocardium in the sections studied exhibited 
severe damage which became progressively more advanced from the epicardial to 


REISINGER AND BLUMENTHAL: MYOCARDIAL DEGENERATION 813 


the endocardial portions. Marked hypertrophy of the muscle fibers, with large dis- 
torted nuclei, many of which were granular or very basophilic, was evident in less 
seriously involved areas of the myocardium. The fibers themselves showed grada- 
tions of injury from hypochromatophilia, slight vacuolization, and transverse frac- 
ture, to complete disappearance. In large areas the muscle fibers appeared to have 
melted away, leaving a loosely packed interstitial tissue which contained only a few 
mononuclear cells and an occasional fibroblast. Even in portions in which muscle 
fibers remained, the interstitial spaces were very prominent, but contained only a 
scattering of lymphocytes and a rare eosinophile. Fibrosis was relatively limited 
throughout the sections. 

The small blood vessels were engorged, and, in areas in which the muscle damage 
was most severe, small hemorrhages were seen in the interstitial tissues. In these 
locations in which the necrosis was severe, even the walls of the small blood vessels 
appeared vacuolated and disrupted. 


Summary.—This patient exhibited evidences of cardiac enlargement and myo- 
cardial damage without hypertension, valvular disease, or evidence of coronary 
arteriosclerosis to account for the structural lesions. Myocardial insufficiency began 
four years before his death and was strikingly relieved for a period of approximately 
three years after bed rest and digitalization. The electrocardiograms showed intra- 
ventricular block on numerous occasions, which ultimately conformed to the left 
bundle branch pattern. The heart was hypertrophied and showed degenerative 
lesions without conspicuous cellular infiltration or fibrosis. 


CasE 2.—J. T., a 43-year-old negro laborer, was first admitted to the hospital in 
1937 for treatment of lobar pneumonia. He presented the classical signs of right 
upper lobe consolidation, and the acute phase of his illness terminated in seven 
days by crisis. During this examination no abnormality of the heart was noted; the 
size and shape were normal roentgenologically, and the blood pressure was 115/70. 
The blood Wassermann and Kahn reactions were strongly positive, and it was dis- 
covered that the patient had received antisyphilitic therapy in 1931. He remained 
in the hospital about two months, but further treatment of his syphilis was not 
considered advisable. 

After his convalescence he worked as a delivery man for fourteen months, when 
he was again admitted to the hospital with congestive heart failure. One month 
previously, intramuscular injections of bismuth had been started, and, after the 
fourth treatment, he noticed the onset of cough, dyspnea on exertion, orthopnea, 
and edema of the ankles. At this time the heart was definitely enlarged; the 
rhythm was normal; the rate was 120; and there was a soft systolic murmur at the 
lower end of the sternum. The blood pressure was 128/104, and there were evidences 
of congestion in the lungs, liver, and lower extremities. Electrocardiograms showed 
left bundle branch block and ventricular premature contractions. The patient im- 
proved rapidly on rest in bed and digitalis, and was discharged from the hospital 
in five weeks. 

In spite of greatly restricted activity, congestive heart failure promptly returned, 
so that hospitalization was required at the end of two months. The findings were 
essentially the same as on the previous admission. The blood pressure during the 
congestive stage was 124/96, but fell progressively with improvement to as low as 
85/55. He again recovered promptly and was discharged after five weeks. 

Upon return to his home, the dyspnea, orthopnea, and a ‘‘catching’’ pain about 
the left nipple soon required his readmission to the hospital. On this occasion his 
blood pressure was 114/90, the blood cell count was normal, the cardiothoracic 
ratio in the teleroentgenogram was 57 per cent, and the left bundle branch block was 
still manifest in the electrocardiogram. He again made a marked symptomatic 
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improvement which was repeated on three subsequent admissions until his eighth and 
final admission in May, 1940. At this time there were the usual signs of severe 
myocardial insufficiency, but he failed to respond to treatment and died about three 
months after admission. 

Autopsy.—The heart weighed 510 Gm., and the left ventricle was greatly dilated. 
The wall of this chamber cut with some resistance, and at the apex there was an area 
of subendoeardial fibrosis. All chambers contained ‘‘chicken-fat’’ clot. The valves 
were normal; there was no obstruction in the coronary arteries from the ostia to 
the smaller branches which admitted dissecting scissors. The aorta was not dilated, 
was normally elastic, and showed considerable atheromatosis in flat plaques, and 
also a moderate amount of longitudinal furrowing which suggested the possibility 
of syphilitic involvement. 

Histologic Examination.—The muscle fibers were markedly hypertrophied, with 
very large, often pyknotic, nuclei. Areas with vacuolization, loss of striations, and 
transverse fracture were not uncommon, but the most profound damage was found 
in the subendocardium, where the degenerative changes were far advanced; the 
necrotic muscle was replaced in some areas by loosely packed connective tissue. 
There was very little cellular infiltration in the interstitial spaces, and only scattered 
small and large mononuclear leucocytes and fibroblasts were seen. None of these 
occurred in focal accumulations. 

The small blood vessels in the muscle showed no encroachment upon their lumina, 
and the larger vessels in the epicardium were similarly unobstructed, although there 
was some thickening of the media. No perivascular cellular collections were seen 
in any of the sections, and small collections of lymphocytes in the subepicardium 
bore no relation to the blood vessels. 

Summary.—This patient was first treated three years before his death for lobar 
pneumonia, at which time his heart was apparently normal. He was known to have 
syphilis, and his symptoms of myocardial insufficiency developed after the fourth 
of a series of intramuscular bismuth injections. He did not present any evidence 
of arterial hypertension or valvular disease, but there were marked cardiac enlarge- 
ment, left bundle branch block, and myocardial insufficiency; from the latter he 
made unexpectedly good, although temporary, recoveries on six occasions over a 
period of sixteen months. The heart was hypertrophied, and showed areas of de- 
generation, particularly in the subendocardium. 


CASE 3.—J. S., a 40-year-old white man, was admitted to the hospital Sept. 4, 1939, 
with congestive heart failure, and died thirty-six hours later. He had first been seen 
in an army hospital, in 1932, for the treatment of a penile lesion which contained 
spirochetes, as shown by dark-field examination. The extent of subsequent treat- 
ment is unknown. In July, 1934, he again received medical treatment because of 
an injured shoulder; at that time physical examination revealed no cardiac ab- 
normality. The patient entered an army hospital in 1935, complaining of severe 
pharyngitis. The patient’s heart was normal and the blood Wassermann and Kahn 
reactions were negative. 

Early in April, 1937, the patient noted a dull, dragging sensation under the right 
costal margin. He entered a hospital, where he was found to have ‘‘ cardiac enlarge- 
ment and auricular fibrillation.’’ No murmurs were audible, the Wassermann and 
Kahn reactions were still negative, and no etiologic diagnosis was made. The patient 


was discharged after one week. 

Three months later he enrolled in the Civilian Conservation Corps, but developed 
‘dyspnea on exertion and pain and tenderness in the region of the liver,’’ for 
which he was admitted to the Walter Reed General Hospital Sept. 20, 1937. He 
was found to have the peripheral signs of moderate congestive heart failure, moder- 
ate cardiac enlargement, and auricular fibrillation. No murmurs were heard and 
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the blood pressure was 146/86. Flouroscopic examination revealed ‘‘left ven- 
tricular enlargement without aortic dilatation.’’ The blood and spinal fluid gave 
negative reactions to tests for syphilis. The basal metabolic rate was normal. 


On rest in bed and digitalis, improvement was marked, and he left the hospital 
Dec. 17, 1937, but was forced to enter a Veterans’ Administration Facility ten 
days later because he again developed heart failure. On this admission the cardio- 
thoracic ratio was reported as 50 per cent, and the blood pressure as 130/85. The 
electrocardiogram showed no abnormality other than auricular fibrillation. He 
was discharged from the hospital in a fair state of compensation two months later. 

The patient was not hospitalized again until September, 1939, when he was ad- 
mitted to this Facility with severe failure. He was comatose, orthopneic, and 
cyanotic; the cervical veins were engorged and pulsating; the heart beat was totally 
irregular, with a rate of 150. No murmurs were heard; the liver was enlarged; 
and there was edema of the superficial tissues in dependent portions of the body. 
Treatment was without avail, and death occurred thirty-six hours after the patient 
entered the hospital. 

Autopsy.—The heart was greatly enlarged in all diameters and weighed 658 Gm. 
Although the chambers were large, the ventricular walls were thickened and showed 
no gross evidence of fibrosis or myomalacia. There was no appreciable dilatation 
of the aorta, which revealed only slight atheromatous change and nothing char- 
acteristic of syphilis. All of the valves were normal. The coronary ostia were 
patent, and the arteries showed only a slight degree of atheromatous change in 
the larger radicles, without any reduction of luminal cross section. Two wedge- 
shaped, healed infarcts were present in the right kidney. 

Histologic Examination.—The muscle fibers were enlarged, and showed areas 
of light staining, hyalinization, loss of transverse striation, attenuation, and frag- 
mentation. In sections cut transversely, considerable vacuolization was revealed. 
The nuclei were swollen and palely staining, with granular chromatin. 

Spreading of the muscle bundles, and, to a lesser extent, of the fibers, was 
conspicuous, and the interstitial collagen was more compact. Cells were not promi- 
nent in the interfascicular tissues except for occasional areas of fibrosis between 
fractured fibers, in which leucocytes and fibroblasts were somewhat increased. The 
venous channels were engorged with blood, but the arterioles did not appear to be 
significantly damaged; the only change was an increase in perivascular connective 
tissue. Interstitial hemorrhage was present, and hemosiderin formation indicated 
that it had occurred ante mortem. The endocardium was undamaged except for 
an inflammatory reaction beneath a small ante-mortem thrombus. 

Summary.—A. 40-year-old man gave a history of recurring myocardial in- 
sufficiency over a period of 2.5 years. He had auricular fibrillation, which probably 
was not treated properly during periods between hospitalizations, but there was no 
clinical evidence of persistent arterial hypertension, valvular disease, or coronary 
artery involvement. Although serologic examinations for syphilis were repeatedly 
negative, there was a record of a penile lesion which had been diagnosed as 
syphilitic by dark-field examination. The heart was hypertrophied and showed 
degeneration, with some increase in fibrosis, particularly about the blood vessels. 


CASE 4.—W. B. H., a 53-year-old white man, died in this hospital during his 
fifth admission for myocardial insufficiency. He had previously been treated in two 
other hospitals for the same disability, which, he stated, was first manifested about 
six years before his death. On one occasion, when he was 15 years of age, a 
‘“leaking valve’’ was discovered during the course of a routine examination, but 
this apparently had not caused him any difficulty during his army service or in 
pursuing his occupation as a mechanic and chauffeur. As a young man he had had 
gonorrhea and a penile lesion, associated with buboes, for which he was given a 
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course of antisyphilitic therapy in spite of the fact that syphilis was never 
definitely established as the cause of the lesion. The blood Wassermann and Kahn 
reactions were repeatedly negative in this hospital. He had been married twice; 
a stillborn child resulted from the first marriage, and the second was without issue. 

When he first entered the hospital, in 1936, his complaints were of moderate 
exertional dyspnea, palpitation, and slight evening edema of the ankles, all of which 
had been noted in the preceding three years. There was no clinical evidence of 
congestion; the heart was somewhat enlarged, particularly in the region of the 
pulmonary conus. Auricular fibrillation, with a ventricular rate between 50 and 
60 and a pulse deficit of 10 beats per minute, was noted. No murmurs were heard, 
and the blood pressure was 98/56. The blood cell count and urine sediment were 
normal. 

At the end of one week the patient was sufficiently improved to leave the hos- 
pital, and was able to maintain his cardiac compensation fairly well on proper 
doses of digitalis for about eighteen months, when he again entered the hospital 
because of increasing dyspnea. At this time there were a few rales at the bases 
of the lungs, and a soft systolic murmur was heard in the third intercostal space 
to the left of the sternum. The auricles were still fibrillating; the blood pressure 
was 96/72; the cardiothoracic ratio was 55 per cent; and the blood Wassermann 
and Kahn reactions were negative. After ten days of rest in bed he was again 
discharged. 

Within five months the patient was again hospitalized, and there was slightly 
more evidence of congestive failure. Auricular fibrillation was still present, and 
the cardiothoracic ratio was 60 per cent. Within two weeks he had recovered 
sufficiently to be discharged. 

Five months later he began to expectorate bright red blood, and, on admission 
to the hospital, his condition was essentially the same as on previous occasions 
except that there was evidence clinically and roentgenologically of consolidation 
at the base of the right lung. This was interpreted as a pulmonary infarct. 
Examiners thought that both a systolic and diastolic murmur were audible at the 
apex of the heart during this admission. His condition responded well to treat- 
ment; the heart rate dropped to 80 per minute, and the blood pressure rose from 
88/60 to 100/68, but dyspnea on slight exertion persisted. He was allowed to 
return home under a physician’s care. 

A little less than six months later he entered the hospital for the last time, with 
slightly more marked congestive failure than on previous occasions. The heart rate 
was very rapid, a soft systolic murmur, but no diastolic murmur, was heard, and 
the blood pressure was 88/56. Digitalis was administered, and, in the course of a 
week, his heart rate had decreased to 60. He was improving satisfactorily when 
he suddenly became cyanotic and dyspneic and died within a few minutes. 

Autopsy.—The heart was enlarged in all diameters, and weighed 538 Gm. There 
was a small area of fibrous adhesions between the pericardial layers at the base 
of the pulmonary artery, without evidence of pericarditis elsewhere. The wall of 
the left ventricle was thickened, although both ventricles appeared to be dilated. 
No mural thrombi were attached to the endocardium, which was smooth and intact 
throughout. All of the valves were competent, and the mitral valve, in particular, 
showed only atheromatous change of the aortic leaflet, without any deformity. 
The aorta was not dilated in its first portion and showed only moderate athero- 
sclerosis with calcification. In addition, there was longitudinal furrowing, without 
conspicuous whitening of the intima, which did not strongly suggest syphilitic 
aortitis grossly. The coronary ostia, however, were above the commissural line, and 
the posterior orifice was lipped, causing some decrease in its size. The coronary 
arteries down to the smaller branches showed only a minimal amount of atheroma- 
tous change and no decrease in their lumens. 


| | 


REISINGER AND BLUMENTHAL: MYOCARDIAL DEGENERATION 817 


Histologic Examination.—The epicardium was thin, and showed the usual amount 
of fat. In the subserous tissue there were several collections of plasma cells and 
small lymphocytes which were unrelated to blood vessels. The medium-sized coro- 
nary arteries showed some eccentric intimal thickening and vacuolization of the 
media, but little else, and the arterioles exhibited no damage. 


The myocardium showed hypertrophy, atrophy, and degeneration. In a layer 
three or four fibers thick, immediately beneath the subserous fat, the parenchyma 
of the muscle was exceedingly granular, and much of it was lost. No nuclei were 
seen, and the fibers were widely spread, but no hemorrhage or cellular infiltration 
was present. From this outer layer to the subendocardial layers, the muscle showed 
hypertrophy with secondary atrophy, sarcolytic degeneration, and widespread trans- 
verse fracture. The striations were fairly well preserved. There was a reduction 
in the number of muscle nuclei, which showed no uniformity in size, shape, or 
staining qualities. In the subendocardium there was another layer of muscle re- 
_sembling that beneath the epicardium, but the necrosis was more widespread and 
severe. Even the blood vessels in this region showed destruction of the adventitia 
and media in places, with irregular fibrosis. Throughout the myocardium the 
interstitial spaces were very prominent, apparently because of edema, because many 
clear spaces were visible. There was no interstitial hemorrhage or accumulation 
of cells, and surprisingly little fibrosis was present, even in the areas which were 
most severely damaged. 

Grossly and microscopically, the kidneys showed no unusual changes except con- 
gestion. 

Summary.—A 53-year-old man gave a history of progressive myocardial in- 
sufficiency over a period of six years; it was markedly improved by periods of 
hospitalization, but terminated in sudden and rather unexpected death. He had 
had auricular fibrillation for at least four years, and was very irregular in his 
use of digitalis when out of the hospital. Although there was a history of a 
genital lesion, the diagnosis of syphilis was not definitely established, and it was 
thought most probable before the autopsy that rheumatic mitral stenosis was the 
cause of his cardiac disease. No signs, however, were ever consistently elicited 
which would justify a diagnosis of mitral stenosis, and no other cause for the 
auricular fibrillation, cardiac enlargement, and myocardial insufficiency was found. 
The heart showed hypertrophy and degeneration which was most conspicuous be- 
neath the epicardium and endocardium. There was no evidence of valvular disease. 


Case 5.—J. G., a 50-year-old negro farm hand, was first admitted to the hospital 
April 2, 1937. He had been well until two years previously, when, shortly after the 
onset of an upper respiratory infection, he was awakened from sleep by a severe 
attack of breathlessness, cough, and wheezing that lasted all night. The following 
day his physician called the patient’s attention to the fact that his feet and ankles 
were swollen. After a month’s rest in bed the patient returned to work, and was 
able to do heavy farm labor without difficulty. 

One year later (1936), again in association with a cold, the patient’s dyspnea 
and edema returned, but disappeared after six weeks in bed, and the patient was 
able to return to heavy work about the farm. 

Four weeks before the patient entered the hospital, in 1937, cough, dyspnea, 
edema, and palpitation were again noted, but, despite rest in bed and digitalis, 
he became progressively worse. Physical examination revealed marked orthopnea and 
impairment of the percussion note and breath sounds, as well as crepitant inspira- 
tory rales, at the bases of both lungs. The heart was enlarged; the beating was 
totally irregular, with an apical rate of 110 per minute; and the heart sounds were 
distant and of poor quality, with accentuation of the second sound at the pulmonic 
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area. A soft systolic murmur was heard in the mitral area, and a similar murmur 
was audible at the base. Ascites and marked peripheral edema were noted. The 
blood pressure was 158/86. 

The blood cell count was normal; the urine showed traces of albumin and hyaline 
easts which disappeared as the patient improved. On three occasions the blood 
Wassermann and Kahn reactions were strongly positive. An _ electrocardiogram 
showed auricular fibrillation, with frequent ectopic ventricular contractions. The 
eardiothoracie ratio was 64 per cent. 

The patient improved rapidly with rest in bed and the administration of 
digitalis, so that, within a month, the signs of congestion in the lungs and super- 
ficial tissues had disappeared, although the liver was still enlarged. The blood pres- 
sure had dropped to 116/66, and sinus rhythm, with occasional ventricular pre- 
mature contractions, had been restored. There was, however, partial auriculo- 
ventricular block, with a P-R interval between 0.20 and 0.30 second, and, in the 
chest lead, the primary QRS deflection was downward. Improvement was continu- 
ous, and, at the end of two months, the patient was discharged entirely free of 
symptoms and without evidence of congestive failure, although the heart was con- 
siderably enlarged. 

Six weeks later the patient suffered exposure during a rain storm while watch- 
ing a ball game, and shortly thereafter had symptoms and signs of failure again, 
probably as the result of a respiratory infection and the exertion of hurrying 
home. On admission to the hospital at this time there was a pleural effusion on 
the right side, in addition to pulmonary congestion and edema of the legs. The 
heart rhythm was of sinus origin, with occasional ventricular premature contrac- 
tions and an auriculoventricular conduction time at the upper limit of normal 
(0.20 second). There were no other definite abnormalities in the electrocardiogram 
except a low-voltage, W-shaped QRS complex in Lead I which was not prolonged. 
Again the patient improved rapidly, and in one month’s time was allowed to leave 
the hospital. 

Soon after returning home he was forced to assume the responsibilities of his 
family because of his wife’s illness, and the previous symptoms of failure promptly 
returned. It became necessary for him to re-enter the hospital only twenty days 
after his discharge. At this time the situation was the same as before, with pul- 
monary congestion, edema, a large heart, sinus rhythm, a systolic murmur, and 
normal blood pressure. The auriculoventricular block previously noted was absent 
(P-R interval 0.16 second), but the voltage of the QRS complexes and T waves 
was low. The cardiothoracic ratio was 68 per cent, and the differential leucocyte 
count showed 42 per cent lymphocytes. 

The patient improved gradually, but, during this stay in the hospital, electro- 
eardiograms revealed a recurrence of the auriculoventricular block, at times with 
complete dissociation; in some instances the rhythm appeared to arise in the 
junctional tissues, for normal P waves could not be identified. Although this 
man’s symptoms and signs were largely relieved, he was advised against leaving 
the hospital because his exertion was too great at home. The patient discharged 
himself, against advice, but within a month had to re-enter the hospital for the 
fourth time because of marked congestive failure. After two weeks of rest in 
bed, however, the symptoms were completely relieved, and all signs of congestion, 
except the enlargement of the liver, had disappeared. Electrocardiograms taken 
during this period showed variable rhythms and particularly marked depression of 
the sinus pacemaker, so that ventricular escape occurred. This apparently was not 


due to digitalis. 

The patient was hospitalized in another institution for congestive heart failure 
about one month after leaving this Facility. He manifested the usual prompt 
improvement on the hospital regime, but quickly developed failure again at home, 
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and was admitted to this hospital for the last time in July, 1938. In spite of the 
severe failure the heart rate was only 62, and, in the electrocardiogram, no P 
waves could be recognized; the QRS complexes were of low voltage of supraven- 
tricular origin except for occasional ectopic ventricular beats. 

This time the patient did not respond to treatment, and died about three years 
after the first onset of symptoms. A few days before death an area of consolida- 
tion was discovered in the mid-portion of the right lung; this was thought to be 
infarction or pneumonia. 

Autopsy.—The heart was markedly enlarged in all diameters; it weighed 535 
Gm., and the pericardial sae contained about 100 ¢.c. of deep-yellow-colored fluid. 
The ventricular walls were thin, firm, and seemed fibrous when cut. An ante-mortem 
thrombus was enmeshed in the columnae carneae of the left ventricle. 

The aortic valve cusps were not deformed, but the commissures were somewhat 
widened and the margins adjacent to the aorta slightly bound down, so that the 
valve pocket was smaller than usual. Although a water test was not done, it was 
assumed that this valve was competent, for a diastolic murmur was never heard, 
and the valve cusps seemed adequate to close the orifice, which was not widened. 
The other valves were normal. 

The aorta in its first part was dilated and relatively inelastic. The surface was 
roughened by raised atheromatous plaques, furrowing, and an occasional, depressed, 
whitish sear suggestive of syphilitic aortitis. There was no obstruction of the 
coronary ostia, and the arteries showed only a minimal amount of flat atheromatous 
change, without any obstruction. 

In the right kidney there were two areas of healed infarction, and in the upper 
lobe of the right lung there was a recent hemorrhagic infarct. 

Histologic Examination—The muscle fibers were for the most part enlarged, 
but many showed secondary atrophy, necrosis, and fibrous tissue replacement. The 
striations were distinct, although many of the enlarged fibers stained poorly and 
were vacuolated and fractured. The muscle nuclei were enlarged, with blunted ends. 
Interstitial spaces were prominent, and the entire connective tissue supporting 
structure of the heart was accentuated. Throughout the ventricular wall there were 
small, localized areas of muscle damage and fibrosis in which only a few scattered 
erythrocytes were seen; leucocytes, plasma cells, and fibroblasts were conspicuously 
scarce. In the older areas of damage, fibrosis was complete, and this was particu- 
larly true in the subendocardium, where the damage had been most severe. 

The larger coronary arteries showed some intimal thickening which did not 
significantly encroach upon the lumens, and the smaller vessels were thin walled, 
with a slight increase of perivascular connective tissue, but no other cellular ele- 
ments. 

Beneath the partially organized thrombus on the endocardial surface there was 
a definite leucocytie and fibroblastic infiltration. 

Summary.—A 50-year-old negro farm laborer had eight attacks of myocardial 
insufficiency, with congestion, in the three years before his death. These began 
originally with an attack simulating bronchial asthma, but subsequent events did 
not seem to confirm the original impression that the heart failure was primarily the 
result of pulmonary hypertension. None of the other common causes of heart 
strain, such as arterial hypertension and valvular disease, were present to account 
for the marked cardiac enlargement and myocardial insufficiency. It was thought 
that this case might be one of syphilitic myocarditis, although the surprising 
recuperative power of the heart seemed incompatible with the usual conceptions of 
this disease. The heart was enlarged, and there were areas of muscle damage and 
fibrosis throughout the myocardium. 
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COMMENT 


These five patients were men between the ages of 40 and 53 years. 
Two were white and three were negroes, but, in proportion to their 
representation in the hospital population, the preponderance of colored 
patients in this group is more than three to two. The clinical manifesta- 
tions were varied, although all had recurring attacks of congestive heart 
failure over periods lasting from 22 months to 6 years. Three had 
auricular fibrillation at some time during their illness, and one had it 
consistently; two showed the characteristic pattern of left bundle branch 
block (new nomenclature) in their electrocardiograms, and two had 
partial auriculoventricular block. A relative and absolute increase in 
the number of lymphocytes and large mononuclear cells was noted in 
the differential leucocyte counts of two patients, and in two of the five 
cases a pulmonary infarct was diagnosed, one before death and the other 
at autopsy. 

These patients are grouped together, however, because each exhibited 
cardiac enlargement, with myocardial damage and insufficiency, for 
which no adequate cause could be found. At autopsy no congenital de- 
fects, dynamically significant valvular deformities, or coronary oc- 
clusions were demonstrated, and the moderate elevation of the diastolic 
blood pressure exhibited by some during periods of failure was not 
considered evidence of a chronic hypertensive state. In the past’ it has 
often been assumed that, when cardiae hypertrophy is found at autopsy, 
it is due to arterial hypertension, providing other causes are not ap- 
parent, and even when evidence is lacking that the blood pressure was 
ever elevated. Our patients did not have more than moderate elevation 
of their diastolic pressures during their illnesses, and this returned to 
levels below the usually accepted upper limits of normal when compensa- 
tion was regained. Furthermore, none of these patients had any sig- 
nificant degree of the renal arteriolar sclerosis or arteriosclerosis which 
is observed? in a high percentage of cases of persistent arterial hyper- 
tension of sufficient severity to cause heart failure and death. Cardiac 
hypertrophy and congestive failure, in the absence of hypertension or 
any obvious cause, have also been reported by others.* None of our pa- 
tients presented any clinical signs or symptoms suggestive of hyper- 
thyroidism, severe anemia, metabolic disorders, or avitaminosis, and the 
pathologie examinations failed to reveal any definite clues as to etiology. 
Hypertrophy of the ventricles, as indicated by increased heart weight 
and enlargement of the muscle fibers, was present in all cases, and ap- 
parently occurred in the absence of the usual factors that increase the 
load against which the heart must work. Since sections from both ven- 
tricles were not routinely studied, it cannot be stated, except in one ease, 
that both the right and left ventricles were hypertrophied. In addition 
to the hypertrophy, a widening of the tissue spaces was generally con- 
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spicuous and was perhaps due to interstitial edema. These spaces were 
usually clear, occasionally with some increase in the density of the 
ground substance; less commonly they contained a loose fibrillar net- 
work, There was some increase in perivascular fibrosis, but very little 
interstitial fibrosis except in one case, in which it was both diffuse and 
extensive in the walls of all chambers. For the most part the severely 
damaged portions of the myocardium showed little fibrosis. 


In the sections studied, cellular infiltration was not prominent. There 
were a few clusters of cells not related to blood vessels in the epicardium 
of several hearts; there were collections of small round cells beneath 
ante-mortem thrombi on the endocardium in two cases and about a blood 
vessel in another, but otherwise only scattered, small groups of mono- 
nuclear leucocytes, plasma cells, and fibroblasts were seen. Two hearts 
showed areas of interstitial hemorrhage and collections of hemosiderin 
pigment which were easily accounted for by the damaged arterioles. 

The most important microscopic change observed in all cases was de- 
generation of the muscle, which, however, varied considerably from 
heart to heart in character, extent, and severity. In four of the five 
cases the most marked damage was in the subendocardial region, al- 
though it was not limited to this area. In one ease there was a layer 
of necrosis beneath the endocardium and a similar one beneath the epi- 
eardium, but the muscle between was little involved. There were areas 
of damage throughout the muscle of all four chambers of one heart, 
whereas in others there were small, localized patches of necrosis, in addi- 
tion to the more extensive subendocardial damage. The damaged muscle 
fibers were usually palely staining and retained their striations, although 
the transverse ones were frequently difficult to see. Cross fragmenta- 
tion, sometimes with fibrosis between the opposing ends, was common, 
and in these eases the process appeared to represent a ‘‘melting,’’ for 
the distribution of sarcoplasm was uniform to the point of fracture. In 
some sections the muscle fibers were granular, and in others there was a 
loss of sarcoplasm, producing a moth-eaten appearance. This even in- 
volved the media of the arterioles in three cases, so that the architecture 
of the wall was destroyed but the lumen was not encroached upon. In 
only one ease was the lumen of a small coronary artery obstructed, and 
this probably was the result rather than the cause of the degenerative 
process in the muscle, for the latter extended far beyond the distribution 
of this particular vessel. 

These pathologie changes were interpreted as primarily degenerative 
in character, rather than inflammatory, because the usual cellular in- 
filtration of inflammation was not predominant. The terms ‘‘inter- 
stitial,’’ ‘‘isolated,’’ ‘‘diffuse,’’ and ‘‘primary’’ myocarditis have been 
used** to describe the lesions (cellular infiltration) encountered in the 
hearts of patients who died from heart failure without obvious cause. 
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Although the changes observed in our cases do not justify the diagnosis 
of myocarditis, there was considerable similarity between the clinical 
course of our patients and that described for those with myocarditis. 
Others’ have reported ‘*nonsuppurative myocardial degeneration with 
in children, and ‘‘idiopathie myocardial 


dilatation and hypertrophy 
degeneration’’* in the puerperal period, with descriptions of myocardial 
damage which more closely approximates the observations in our cases. 
These authors were unable to suggest a satisfactory explanation for the 
pathologie changes, but, unlike their patients, four of ours gave a history 
or had serologic evidence of syphilis, with suggestive changes in the 
aorta which did not affect the coronary ostia or aortic valve enough to 
account for the myocardial damage. The fifth patient was a negro who 
gave no history of infection, treatment, or a positive serologic reaction. 
Although the spinal fluid was not examined, the aorta was not grossly 
involved and, therefore, no definite evidence of syphilis was found in 
this case. The possibility that syphilis was responsible for the cardiac 
manifestations in these cases cannot be dismissed, however, even though 
the ability of the 7T’'reponema pallidum to attack the myocardium di- 
rectly, except in the production of gummatous lesions, has never been 
decisively proved. In the earlier stages of syphilitic cardiovascular dis- 
ease, manifested only by aortitis, it is not uncommon for the patient to 
complain of symptoms suggesting myocardial insufficiency, frequently 
without pain referred to the heart. This is difficult to explain as a 
result of aortic involvement alone, even if some degree of coronary ostia 
occlusion is assumed, and modern textbooks*"' admit the possibility that 
syphilitic myocarditis may oceur, but consider it a rare phenomenon. 
Certainly the clinical criteria for the diagnosis are vague, and the final 
conelusion in such cases has been reached partly by exelusion of other 
causes. Hamman and Rich" and Magill’? reported what they considered 
to be cases of syphilitie myocarditis, characterized by a history or 
serologic evidence of syphilis, cardiac enlargement, and myocardial 
insufficieney, without any of the usual causes associated with these mani- 
festations. Their diagnoses depended to some extent upon histologic 
evidence, although they were not able to demonstrate spirochetes in the 
tissue or isolate them by the injection of macerated muscle into a rabbit’s 
testicle. The pathologic criteria are uncertain, however, for there is 
little agreement as to the microscopic appearance of nongummatous 
syphilitie myocardial involvement.'*'* Warthin’s'® demonstration 
of spirochetes in the myocardium in many eases of syphilis has never 
been successfully repeated, and the other diagnostic eriteria, such as 
interstitial edema, focal accumulations of round cells, and fibrosis, have 
been observed by us, as well as by others,'* in cases of myocardial in- 
sufficiency when syphilis played no part. Therefore, the fact that the 
pathologie process in our cases seemed to us to be more degenerative 


REISINGER AND BLUMENTHAL: MYOCARDIAL DEGENERATION 823 


than inflammatory would not necessarily exclude syphilis as the causa- 
tive factor. No other etiology was suggested by long clinical observation 
and pathologie study, although it should be emphasized that the syn- 
drome and even the pathologie changes might easily have been ascribed 
to coronary arteriosclerosis, employing the usual eriteria, if it had not 
been known that the coronary arteries were not obstructed in any way. 

The five cases reported here represent only a small percentage of all 
patients with cardiac disease, but it is our impression that this group 
might be easily enlarged by the inclusion of other patients, particularly 
negroes with syphilis who present evidence of cardiae enlargement and 
myocardial damage and insufficiency, without apparent adequate cause. 
The proof that syphilis is of etiologic importance in these instances, how- 
ever, awaits the development of more exact criteria. 


SUMMARY 


Five cases of fatal heart failure, with necropsy, are reported. 

All of the patients showed cardiae hypertrophy and myocardial de- 
generation, without evidence of hypertension, valvular disease, coronary 
artery disease, or any of the less common causes of these structural 
changes. 

Four of the five patients presented suggestive evidence of syphilis 
in the history, serologic reaction, or aorta, and the possible etiologic 
relationship of this disease to the myocardial lesions is discussed. 
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A SYNDROME DUE TO OCCLUSION OF ALL ARTERIES 
ARISING FROM THE AORTIC ARCH 


Report oF A CASE FEATURED BY PRIMARY THROMBOCYTOSIS AND 
AUTOHEMAGGLUTINATION 


P. M. AcGeter, M.D., 8. P. Lucta, M.D., anp J. H. THompson, M.D. 
San Francisco, CAuir. 


OMPLETE absence of pulsations in all arteries of the upper ex- 

tremities and neck is extremely unusual. We take this opportunity 
to report such a ease, in which bilateral cataracts, proliferative retinitis, 
and atrophic rhinitis were complications. Other unusual abnormalities 
were thrombocytosis and autohemagglutination. 


CASE REPORT 


U. C. H. No. U61721 was a Spanish woman, aged 29 years. 

First Entry.—July 30, 1940, to Sept. 14, 1940. 

Present Illness.—Four years before entry the patient suddenly collapsed and fell 
to the floor; following this she became progressively weakened. Her hands and 
feet felt cold and at times were blue. She suffered from palpitation and a transient 
substernal ache brought on by slight exertion. She became dizzy on arising quickly 
from the supine position. Her memory was markedly impaired for both recent 
and remote events, and she suffered from emotional instability. Her vision became 
blurred because of gradually developing cataracts. In December, 1938, a cataract 
was removed from the right eye without restoration of vision, and from November, 
1939, she had been totally blind. 

The past history and family history were noncontributory. The patient had 
never used tobacco or alcohol and had not taken dinitrophenol. There was no 
history of syphilis. Four children were living and well, aged 9 years, 7 years, 5 
years, and 2 months, respectively. One miscarriage (twins) occurred shortly before 
the onset of the present illness. 

Additional history obtained from physicians who had previously attended the 
patient revealed that between February and June, 1931, a number of blood pressure 
readings in the arms varied between 120/70 and 136/80. In July, 1937, the »dlood 
pressure in the arms was 100/60. In November, 1938, no blood pressure measure- 
ments could be obtained in either arm, and the radial pulses were not palpable. 
The blood pressure in the legs was 160 to 170, systolic, with indefinite diastolic 
readings. Oscillometric readings were zero in both arms, 6 in the left thigh, and 
4 in the right thigh. A strong pulsation was present in the suprasternal notch. 
The carotid pulse was palpated on the right, but not on the left. A loud to-and-fro 
murmur, transmitted into the neck, was heard over the left sterno-clavicular region, 
left supraclavicular area, and left second intercostal space. Roentgenograms of 
the chest showed nothing abnormal except rudimentary seventh cervical ribs. A 
scalenectomy and resection of the left cervical rib, which were done January 13, 
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1939, revealed a fibrosed subclavian vein crossing the first rib, medial to the 
sealenus anticus tendon; the subclavian artery was not seen. In December, 1938, 
examination of the ocular fundi revealed a meshwork of new blood vessels growing 
over both discs. The temporal half of the right lens was opaque, and the patient 
was not able to count fingers with this eye at a distance of more than 1 foot. 
Vision in the left eye was 20/40. <A cataract was removed from the right eye 
without restoration of vision. Laboratory examination at that time revealed that 
the basal metabolic rate was —12 per cent, the serum calcium, 9.5 mg. per cent, 
the serum phosphorus, 3.35 mg. per cent, the urea clearance, 62 per cent, the venous 
pressure (antecubital vein), 10 em. of water, and that the arm-to-tongue and 
arm-to-lung circulation times were 16.5 and 8.5 see., respectively. 

Physical Examination.—The patient was a well-developed, poorly nourished woman. 
The skin was warm and dry. The lymph nodes were not enlarged. The extraocular 
movements were normal. The pupils were dilated and irregular, and did not react 
to light or in accommodation. The bulbar conjunctivae were markedly injected. 
Slit-lamp examination of the conjunctivae showed clumps of erythrocytes traveling 
as units in the larger vessels; the normal differential ratio of flow of blood con- 
stituents (from center to periphery of vessel) was not present; the small venules 
and eapillaries contained columns of blood cells in rouleaux. Ophthalmoscopic 
examination (right eye): linear incisional scar of the cornea; optic nerve head 
atrophic, margins blurred, irregular, and without perceptible elevation or depres- 
sion; many arterioles occluded and obliterated and some bloodless (ghost-vessels) ; 
large areas of retinal hemorrhage; macula not seen. A dense cataract prevented 
seeing the left fundus. Light and color perception was intact, but light projection 
was questionable in all but the nasal field of the left eye. There was faint per- 
ception of light in the right eye. The nasal mucous membrane was crusted, and 
there was a large perforation of the septum. Marked periodontoclasia was present. 
The tonsils were atrophic. The thyroid was not enlarged. There was marked 
pulsation of the vessels in the suprasternal notch. The chest, breasts, and lungs 
were normal. The left half of the diaphragm was elevated 6 em. above the right. 
The area of cardiac dullness extended 6 em. to the left of the midsternal line in 
the fifth intercostal space; the heart sounds were loud and snapping; the rhythm 
was normal and the rate was 102 per minute; a soft, blowing, systolic murmur was 
heard at the apex, and another was localized over the aortic area; there were no 
thrills; the aortie second sound was louder than the pulmonic second. The abdo- 
men, extremities, and nervous system were normal. Psychiatric examination dis- 
closed impaired memory for recent and past events. Examination of the peripheral 
vascular system showed no unusual color or thermal changes. The carotid, sub- 
elavian, brachial, radial, ulnar, and intercostal arteries were not palpable or pul- 
satile. The pulsations in the abdominal aorta and arteries of the lower extremities 
were normal. No collateral circulation was visible over the chest or shoulder 
girdle. The blood pressure was not obtainable in the arms; in the left leg it was 
160/100; in the right leg, 140/100.1 The oscillometric readings were zero in both 
arms, 4 in the right lower leg, and 3.5 in the left lower leg. The venous pressure 
was not increased. There were very few visible or palpable superficial veins. Tests 
for reactive hyperemia in both arms were normal. There was neither excessive 
blanching on elevation of the limbs nor cyanosis in the dependent position. 

Laboratory Data.—Hemoglobin was 9.6 Gm., or 70 per cent; erythrocyte count, 
4,400,000; leucocyte count, 8,900; P.M.N., 42 per cent (filaments 40 per cent, non- 
filaments 2 per cent) ; lymphocytes, 40 per cent; monocytes, 18 per cent. 

Platelet count (Rees and Ecker): 10 platelet counts during the six weeks’ 
observation varied between 1,200,000 and 1,500,000. 

Packed cell volume was 35. 

Sedimentation rate (Linzenmeier) was 14 minutes. 
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Auto-agglutination of erythrocytes occurred at body, room, and icebox tempera- 


ture. 


Fig. 1.—Sternal bone marrow biopsy, demonstrating increased numbers of megakaryo- 
cytes (X120, hematoxylin and eosin stain). 


Fig. 2.—High power magnification (700) of sternal bone marrow biopsy, demonstrat- 
ing megakaryocytes and active erythropoiesis (hematoxylin and eosin stain). 


Sternal biopsy (Figs. 1 and 2): Hyperplasia of both myeloid and erythro- 
Megakaryocytes were normal in appearance, but in- 


poietic series was observed. 
Eosinophiles were present 


creased in number (one to five per oil-immersion field). 
There was an excessive number of platelets on the smear of the 


in great numbers. 
Intact megakaryocytes were infrequent, but 


material obtained by sternal puncture. 
many large agminations of nuclear material, surrounded by masses of adherent 
thrombocytes, were present. These tended to form ‘‘streamers’’ during the course 
of making smear preparations (Figs. 3, 4, and 5). 
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Capillary fragility (Dalldorf) was slightly increased. 
Plasma ascorbic acid was 0.19 mg. per cent. 
Bleeding time (Ivy) was 3 minutes. 

Coagulation time (Lee and White) was 8 minutes. 
Recalcified plasma coagulation time? was 90 seconds. 


Fig. 3.—Smear preparation demonstrating megakaryocyte obtained by sternal bone 
marrow puncture (X<700, Giemsa stain). 


Fig. 4.—Smear preparation demonstrating megakaryocyte obtained by sternal bone 
marrow puncture (X700, Giemsa stain). 


Prothrombin concentration (Quick) was 110 per cent. 

Clot retraction was normal. 

Urinalysis, P.S.P. excretion, Mosenthal, Diodrast clearance tests,* and intravenous 
pyelograms were normal. 

Stool was normal. 

Serum calcium was 10.85 mg. per cent. 


The authors are indebted to Dr. Meyer Friedman for this determination. 
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Serum phosphorus was 5.20 mg. per cent. 

Serum proteins: Total, 8.00 per cent; albumin, 4.21 per cent; globulin, 3.79 
per cent. 

Circulation time (Decholin) was 15.5 sec. 

Kolmer and Kahn tests were negative. 

Electrocardiogram showed sinoauricular tachycardia. Rate was 106. T, was 
diphasic; T,, inverted; T,, notched and low. 

Skin temperatures over the entire body were essentially normal. 


Fig. 5.—Smear preparation demonstrating agminations of platelets obtained by sternal 
puncture (700, Giemsa stain). 


Biopsy.—Histologic examination of sections of an artery 2 mm. in diameter, 
situated in the usual location of the right brachial artery, and of sections from 
the right pectoral, biceps, and gastrocnemius muscles revealed normal striated 
muscle and normal appearing, thin-walled arterioles and venules. 

Roentgenologic Examinations: Chest (including fluoroscopy).—A cervical rib 
was present on the right side. There was a small fragment of bone in the region 
from which the left cervical rib had been removed. There were no abnormal aortic 
pulsations. The heart and great vessel shadows were within normal limits. The 
left half of the diaphragm was elevated and moved physiologically, but with a lag. 
Abdomen.—The spleen appeared to be of normal size. Skeletal system.—The bony 
density was essentially normal. There was a slight alteration of the trabecular 
pattern of the ileum and of the inferior articular process of the second lumbar 
vertebra. There were a few minor cystic changes in the greater tuberosity of the 
right humerus and in the neck of the left femur. The vascular markings of the 
skull were prominent symmetrically. The joint surfaces and joint spaces were 
normal. 

Second Entry.—Feb. 26, 1941, to March 8, 1941. 

During the intervening six months the patient had noted increasing weakness, 
frequent headaches, and occasional nervous spells. Her nose had become tender, 
and two weeks before entry the bridge had collapsed, producing a saddle deformity. 
All of her upper teeth had been removed. Her general condition was essentially 
as before, except that she appeared to be more weakened. There was marked 
crusting of the mucous membrane in both nares. There was a mature cataract in 
the left eye. The right eye showed an old retinitis proliferans, with new-formed 
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vessels and partial detachment of the retina. The presence of hemorrhages signified 
that the process was still active. Examination of the heart was of interest in that 
the murmurs which had been previously heard were now inaudible. There was a 
marked increase in the amount of hair on the legs. 

Diodrast cardiograms, done according to the Robb-Steinberg technique, revealed 
no abnormalities of the heart or aorta. Spinal fluid examination showed that 
Kolmer was negative; colloidal gold, 0012210000; protein, 43.1 mg. per cent; cell 
count, 3 lymphocytes. Infrared photographs revealed no increase in venous circu- 
lation. Two platelet counts were 820,000 and 890,000, respectively. 


REVIEW OF PREVIOUS CASES 


Five cases of complete absence of pulsations in the carotid arteries and 
in the arteries of both upper extremities have been reported; in all of 
them the loss of pulsation was presumably due to syphilitic involvement 
of the transverse arch of the aorta (Table I). There are striking simi- 
larities in the symptomatology in these cases and the ease herein re- 
ported. In all eases, the pulsations in the vessels of the lower extremities 
were normal. There were evidences of circulatory insufficiency in the 
arms in only one case.’ The central nervous system symptoms included 
headaches, vertigo, syncope, emotional instability, delirium, loss of 
memory, aphasia, and hemiplegia. Vertigo and syncope were frequently 
brought on by arising quickly from the supine position. Ocular mani- 
festations included photophobia, choroiditis, cataracts, and proliferative 
retinitis. The subject of this report had, in addition, atrophie rhinitis. 
It seems probable that the essential pathologie process was similar in 
all of the cases reviewed, i.e., occlusion of the large vessels arising from 
the arch of the aorta. 

Eden® has recently reviewed the literature dealing with the vascular 
complications arising from cervical and abnormal first thoracic ribs. 
Those patients who had absence of the radial pulse showed evidences of 
circulatory insufficiency in the affected arm. In a few, the pulsations 
returned after removal of the cervical rib. In no instance were both 
‘adial pulses absent, and never were abnormalities of the carotid pulse 
observed. Although cervical ribs were present bilaterally in our ease, 
they did not appear to be the cause of the vascular abnormalities. 

Absence of pulsation in the carotid arteries and in the arteries of the 
arms has oceasionally been noted in cases of dissecting aneurysm of 
the aorta. However, such a diagnosis was considered untenable in this 
case because there was no history of chest pain, dyspnea, or hyperten- 
sion, and there were no evidences of circulatory insufficiency in the arms. 

Nygaard and Brown" have described ‘‘essential thrombophilia”’ as 
condition occurring in previously healthy subjects, characterized by 
sudden, widespread occlusion of major arteries and veins, with marked 
signs of circulatory insufficiency often resulting in gangrene, and with 
insignificant histopathologic changes in the involved vessels. They ob- 
sefved variations in the plasma coagulation time in some of their pa- 


AGGELER ET AL.: SYNDROME DUE TO OCCLUSION 831 


tients. In the one ease in which the platelet count was significantly 
elevated, no histopathologic examination of the tissues was performed, 
so that it cannot be classified as a proved ease of ‘‘essential thrombo- 
philia.’’ It is apparent that our patient’s disease did not resemble this 
condition. The constant thrombocytosis and the absence of any demon- 
strable cause of the vascular occlusions suggested the possibility that our 
patient was suffering from an obscure thrombotic process due to ae- 
eelerated and pathologie coagulation of the blood. An increase in the 
number of platelets in the circulating blood, occurring as a primary dis- 
ease," is an extremely rare condition, although secondary thrombo- 
eytosis is not uncommon in myeloid leucemia, polyeythemia, megakaryo- 
eytie leucemia, and after splenectomy.'* Among the reported cases of 
primary thrombocytosis, in that of Epstein, et al.,"" ’ there was atrophy 
of the spleen, and, in that of Uotila,’? marked leucocytosis and, at times, 
polyeythemia. In one of the two cases reported by Rowlands and 
Vaizey,'* the spleen was enlarged to the level of the umbilicus and slight 
polyeythemia was present. In the subject of our report, no condition 
known to be associated with a secondary elevation of the platelet count 
was found to be present. There was a moderate increase in the mega- 
karyocytes of the sternal bone marrow, and in the smear of the material 
obtained by sternal puncture there were a few intact megakaryocytes 
and many large agminations of nuclear material surrounded by masses 
of adherent thrombocytes. The spleen was not palpable, and roen¢geno- 
logically it was found to be of normal size. Aside from the increased 
platelet count, no abnormalities in the bleeding and clotting mechanism 
of this patient were demonstrated. 

A further investigation of the coagulative potency of the plasma was 
performed in the following manner. Nine cubic centimeters of blood 
were withdrawn from the antecubital vein, mixed quickly with 1 c.c. 
of a 1.34 per cent solution of sodium oxalate in a test tube, and cen- 
trifugalized at 2,000 r.p.m. for 10 minutes. Varying amounts of the 
supernatant plasma were pipetted into 13 by 100 mm. glass tubes, and 
placed in a water bath at 37° C. Two eubie centimeters of blood ob- 
tained from the antecubital vein of a patient with hemophilia (whole 
blood coagulation time, 50 minutes) were added to each of these tubes 
and the coagulation time measured to the nearest half minute. The 
results are given in Table II. It can be seen readily that there was no 
significant difference in the ability of this plasma and normal plasma 
to accelerate the coagulation of hemophilie blood. 

Among the many factors which favor the agglutination of platelets, 
and hence influence the occurrence of thrombosis, is to be included an 
increase in the concentration of the weakly electronegative proteins, 
i.e., fibrinogen and globulin. Autohemagglutination, associated with 
hyperglobulinemia, is often found in patients with multiple myeloma. 
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PREVIOUSLY REPORTED CASES OF COMPLETE ABSENCE OF PULSATION OF ARTERIES 
ARISING FrRoM AortTIC ARCH 


3 PATHOLOGIC 
AUTHOR AGE SEX SYMPTOMS SIGNS CHANGES 
Shikhare’ Middle | M_ Vertigo, photo- arteries of |Autopsy: Fusi- 
aged phobia, and pe-} upper half of} form aneurysm 
riods of syn- body non- of ascending 
cope pulsatile and transverse 
aorta. Lumina 
of large vessels 
arising from 
arch occluded 
by ante-mor- 
tem thrombus, 
which had 
propagated 
from large clot 
in aortic arch 
Crawford¢ 52 M /|Oceipital head- /|Radial, brachial,|Flouroscopy: 
aches, pain in| and external Aneurysm of 
back of neck,} carotid pulsa- arch and de- 
dyspnea, ver- tions absent. scending aorta 
tigo, cough, Systolic blood 
and tingling of| pressure in 
left thumb. legs, 125 mm. 
Radial pulse Hg 
noted to have 
been absent 6 
weeks pre- 
viously 
Kampmeier and| 35 M periods|Radial, brachial, |Fluoroscopy: 
Neumanns of vertigo and| and carotid Aneurysm of 
syncope, par- pulsations ab- ascending and 
ticularly on sent. Visible transverse 
arising from and palpable aorta 
supine posi- systolic pulsa- 
tion. Left tions at angle 
radial pulse of left scapula. 
noted to have| B.P. in legs, 
been absent 2) 178/110 
years previ- 
ously 
Cohen and 60 M /|Onset of symp-|Radial and ca- |Autopsy: Fusi- 
Davies toms 12 years} rotid pulsa- form aneurysm 


cataract of left 
eye. Headache, 


cope, delirium, 


previously, ac- 
companied by 
attacks of syn- 


and cardiac 
failure 


tions absent. 
Numerous 
small pulsating 
subcutaneous 
vessels over 
chest and up- 
per abdomen. 
Systolic blood 
pressure in 
arms, 40 to 50 
mm. Hg, in 
legs, 210 mm. 
Hg. Marked 
retinal arterio- 
sclerosis of 
right eye. Left 
eye obscured 
by cataract 


of ascending 
and transverse 
aorta. Orifices 
of all vessels 
arising from 
arch obliter- 
ated 
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T } 
AUTHOR AGE | SEX SYMPTOMS SIGNS omaNans 
Maurer? 33 F  |Right hemiplegia|Skin over shoul-|Autopsy: Sac- 


3.5 years pre- 
viously, fol- 
lowed by com- 
plete aphasia 
and numerous 
periods of syn- 
cope, and weak- 
ness brought on 
particularly by 
sitting upright 
and relieved by 
lying down 


der girdle, up- 
per extremities, 
head, and neck 
less warm than 
rest of body. 
Lips and nail 
beds cyanotic. 
No pulsations 
in ecarotids or 
arteries of up- 
per extremity. 
Arms and 
hands atrophic. 


cular aneurysm 
of transverse 
arch of aorta. 
Arch filled 
with laminated 
clot with 
thrombotic ex- 
tensions com- 
pletely occlud- 
ing innomi- 
nate, left com- 
mon carotid, 
and left sub- 


Systolic B.P. clavian artery 


in legs, 120 


mm. Hg 
TABLE II 
COAGULATION TIME 
AMOUNT OF HEMO-/AMOUNT OF PLASMA ’ WITH NORMAL 
7 EN 
PHILIC BLOOD (C.C.) (0.C.) CONTROL PLASMA 
PLASMA (MIN.) 
(MIN.) 
2 0.01 26 24 
2 0.05 10 8 
2 0.10 5.5 5.5 


However, thrombosis is an unusual oceurrence in this disease. Wintrobe 
and Buell’® found two such reports in the literature, and added a third. 
Their patient had thrombosis of the retinal veins and symptoms suggest- 
ing Raynaud’s disease. McCombs and McElroy” reported an instance 
of autohemagglutination due to a cold-agglutinin in a patient with 
peripheral vascular symptoms. In our ease, the globulin content of the 
serum was only slightly increased. Marked agmination of the erythro- 
eytes was observed in the small blood vessels in the conjunctiva. Auto- 
hemagglutination due to a pseudo-agglutinin was observed in vitro. 
Roentgenologie examination of the entire skeleton revealed no evidence 
of myeloma. The plasma cells were not inereased in the sternal bone 
marrow. 

Because of the localization of the occlusive process to the large vessels 
arising from the arch of the aorta, it seems unlikely that changes in 
the blood plasma or an increase in the number of circulating blood 
platelets could have been entirely responsible for this condition. The 
etiology in our patient therefore remains obscure. 


SUMMARY 


A syndrome due to occlusion of all of the vessels arising from the arch 
of the aorta has been deseribed, and a ease reported. The condition is 
characterized by complete absence of pulsations in the carotid arteries 
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and in the arteries of both upper extremities. The following may be 
present: (1) central nervous system symptoms, including headaches, 
vertigo, syncope, emotional instability, delirium, loss of memory, aphasia, 
and hemiplegia; (2) ocular manifestations, including photophobia, 
choroiditis, cataracts, and proliferative retinitis; (3) atrophie rhinitis; 
and (4) atrophy of the arms and hands. 

Although syphilis was presumed to be the etiologic agent in the pre- 
viously reported cases, no evidence of its presence could be found in this 
ease. The exact etiology is unknown, although thrombocytosis and auto- 
hemagglutination may have been contributing factors. 
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PASSAGE OF A HOLLOW NEEDLE INTO THE VENOUS BLOOD 
STREAM TO THE HEART, THROUGH THE CARDIAC WALL, 
AND INTO THE THORAX 


Report oF A Cas: 


SHEPARD SHAPIRO, M.D. 
New York, N. Y. 
HIS report is one of a ease in which a needle which was being used 
for an intravenous injection became separated from the hub and 
entered the blood stream. 

The circumstances were as follows: A physician was giving an in- 
jection into the left cephalic vein of a 45-year-old white man on May 
28, 1938. Upon completion of the injection he applied pressure at the 
point of puncture with a small pledget of cotton, in order to avoid 
leakage, and attempted to withdraw the needle. Only the hub of the 
needle, however, remained attached to the syringe. Diligent search of 
the surrounding tissue failed to locate the lost part of the needle. The 
patient did not complain of pain or other symptoms. Roentgenograms 
of the arm and chest, taken the same day, failed to show the needle. 
However, the patient was observed at frequent intervals thereafter, and, 
on June 24, 1938, about one month after the injection, a posteroanterior 
roentgenogram of the chest revealed a linear shadow, the dimensions 
of which corresponded exactly to those of the lost needle. The needle 
was lying horizontally at the level of the eighth thoracic vertebra (Fig. 
1). Fluoroscopie examination showed that the needle lay outside the 
heart, and appeared to be embedded in the prepericardial fat between 
the inferior surface of the apex of the heart and the left dome of the 
diaphragm. 

The patient has not had any complaint referable to the circulation, 
heart, lungs, or pleura. Roentgenographic and fluoroscopic examination 
of the chest on July 7, 1938, showed that the shadow was in the same 
location. Four subsequent examinations, the last on Mareh 27, 1940, 
revealed no alteration in the position of the needle. 

The electrocardiograms were normal. The blood pressure has been 
constantly 120/80. The heart rate has averaged 76 per minute, and the 
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rhythm has been normal. Cardiac murmurs have never been heard, and 
the size of the heart has remained normal. At present the patient is 
active and works as a commercial artist, which is his usual occupation. 


Fig. 1.—The arrows point to the needle shadow between the inferior surface of the 
heart and the left dome of the diaphragm. 


DISCUSSION 

From its location in the chest, it is apparent that the needle must 
have entered the heart, passed through its wall, and lodged in the silent 
area where it now rests. The course of the needle after it entered the 
venous blood stream must have been through the left cephalic vein, 
axillary vein, subclavian vein (up to this point all of the veins possess 
valves), innominate vein, superior vena cava, and, finally, the right 
side of the heart. 

There are three pathways by which foreign bodies may enter the 
heart. The first, and most common, is directly through the chest wall, 
as in the ease of gunshot wounds or the thrust of a sharp instrument. 
Examples of these abound in the literature.** 

The second pathway is through tissue from a distant part of the 
body; the foreign body is foreed by muscular contraction along a more 
or less circuitous route, possibly by following paths of least resistance, 
until by chance it eventually reaches the thorax and the heart. It is 
probable that only a sharp instrument, such as a nail or needle, can 
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perform this feat. A striking example of this was reported by Rea and 
Hoover;° a needle entered the foot of a patient when he accidentally 
stepped upon it, and four years later he died as the result of thoracic 
disease induced by the passage of the needle through the pleura and 
pericardium. At autopsy the needle was found lodged in the heart. 

The third pathway is illustrated by the case reported in this paper. 
Another remarkable instance of the same route was reported by Blaha.® 
In his ease a soft rubber catheter was introduced into a gravid uterus 
to induce an abortion, and, when the uterus expelled its contents, the 
catheter was not among them. The patient became infected and died. 
At autopsy the catheter, 24 em. long and 4 mm. in diameter, was found 
lying in a channel formed by the inferior vena cava, the right auricle, 
the superior vena cava, the left innominate vein, and the internal jugu- 
lar vein. This case and the one described in this paper illustrate how 
relatively large bodies may gain entrance into the venous blood stream 
and be carried to the heart. 

The importance of investigating the flexibility and sturdiness of each 
needle before use, especially for intravenous injections, is emphasized 
by the present report. It should be realized that the needle consists 
of two. parts, namely, a flexible cannula and a rigid hub, and that the 
junction of these two parts is the weak spot in the construction of every 
needle. It is consequently important (when administering any injec- 
tion) not to introduce the needle more than three-fourths of its length, 
so that, if it should accidentally become separated from the hub, it 
might still be possible to grasp its free end before it becomes completely 
submerged in the tissues. 


SUMMARY 


1. A ease is reported in which a hollow needle entered the venous 
blood stream, was carried to the heart, penetrated its wall, and came 
eventually to lie in the prepericardial fat between the heart and the 
diaphragm, without producing any untoward symptoms. 

2. The pathways by which foreign bodies may enter the heart are 
described. 

3. The hazard described in this paper, although a rare one, warrants 
the recommendation that the flexibility and sturdiness of needles be 
carefully tested before they are put to intravenous use. 


The author is grateful to Dr. A. S. Hartstein and Dr. B. Kurz, of New York 
City, for permitting him to examine their records of this case. 
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Selected Abstracts 


Eyster, J. A. E., and Meek, W. J.: The Sequence of Fractionate Contraction at 
Different Surface Regions on the Right Auricle and Ventricles of the Dog’s 
Heart. Am. J. Physiol. 134: 513, 1941. 


The sequence of occurrence of fractionate contraction at the different surface 
regions of the right auricle and ventricles of the dog’s heart is determined by 
recording differential potential-time curves from the various regions along with 
a constant reference curve. The results are indicated in the accompanying figure. 

The fact that no criterion is available at present which can be used to de- 
termine the instant of ‘‘excitation’’ of a region of heart muscle, is brought out 
and discussed, 

AUTHORS. 


Frey, J.: Experimental Observations on the Effects of Hydrostatic Forces on the 
Circulation. Arch. f. Kreislaufforsch. 7: 329, 1940. 


This is an extensive investigation on the effect of posture upon the circulation 
in animals, healthy subjects and cardiac patients with and without congestive 
heart failure. Among the principal conclusions are the following. 

In animals the assumption of a semisupine position from a supine one causes a 
temporary 30 per cent decrease in venous flow of the hindleg and a more pro- 
tracted 10 per cent increase in arterial flow, a 2 per cent increase in flow in in- 
testinal vessels, a 5 per cent decrease in flow in the forelimb vessels, no effect 
on flow in brain vessels, a 10 per cent decrease in cardiac output, a 10 per cent 
rise in mean blood pressure and heart rate. Following histamine the results are 
different in these animals, viz.: The same change in position causes a 60 per 
cent decrease in venous flow of the hindleg and a 25 per cent decrease in arterial 
flow, a 20 per cent decrease in flow in intestinal vessels, a 15 per cent de- 
crease in flow through brain vessels, a 35 per cent decrease in flow through fore- 
limb vessels, a 50 per cent decrease in minute output of heart, a 30 per cent 
decrease in mean blood pressure, and a 30 per cent increase in pulse rate. Ex- 
tensive studies on man are to be found in the monograph. The author concludes 
that the use of the semireclining posture with legs dependent acts as a bloodless 
venesection, and this improves the circulation of the failing heart. 

KATZ. 


Graybiel, A.: A Consideration of the Effects of Oxygen Lack on the Cardiovascu- 
lar System From the Viewpoint of Aviation. J. Aviation Med. 12: 183, 1941. 
The degree of anoxia intentionally encountered under present flying conditions 

in civil and military aviation does not damage the normal heart. The changes 

observed in the electrocardiogram do not indicate heart injury; they are probably 


due in part to the alkalosis resulting from overventilation. 
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Heart failure of the congestive or anginal type has been produced in pa- 
tients with severe degrees of heart disease on exposure to oxygen tensions simu- 
lating altitudes of 14,000 to 20,000 feet or higher. 

In a total of 7 million passengers carried by five major airlines only three 
deaths occurred aloft; the cause in each case was ascribed to heart failure. Of 
five deaths known to have occurred shortly after the passengers deplaned, two 
were the result of heart failure. Information in regard to lesser attacks of heart 
failure is inadequate, but there is good reason for believing such instances are not 
numerous. 

The general rule that ‘‘if you can walk, you may fly’’ has proved satisfac- 
tory in practice. Passengers with well-compensated heart disease need not hesi- 
tate to fly at the highest altitudes now flown in commercial aviation provided that 
an additional supply of oxygen is used. However, patients with severe valvular 
disease, with easily provoked angina pectoris, or who have recently had con- 
gestive failure, as well as those who are old and feeble, might well be advised 


against traveling by air. 
AUTHOR. 


Gross, F., and Matthes, K.: Venous Pressure in Man. Arch. f. Kreislaufforsch. 
8: 175, 1941. 


Venous pressure was recorded optically. The venous pulse of the cubital vein 
followed the arterial except for notching at the time the jugular pulse collapsed. 
This may be due to direct impact or to open arteriovenous anastomoses. Re- 
spiratory fluctuations also were present due to variations in venous flow to the 
heart. Marked variations in venous pressure as in Valsalva experiments were 
associated with variations in blood content of the skin (as measured with trans- 


illumination recorder and photoelectric cell). 
KATz. 


Dressler, M., and Moskowitz, S. N.: Fetal Electrocardiography and Stethography. 
Am. J. Obst. & Gynec. 41: 775, 1941. 


Forty gravidas were studied routinely in the last two months of pregnancy, 
to determine the diagnostic significance of the fetal electrocardiogram and the 
fetal stethogram, separately and simultaneously, in evaluating the presence of a 
viable fetus. The individual value of each method was enhanced by the combined 
study. 

The fetal stethogram was positive in 100 per cent of the cases; the fetal 
electrocardiogram, in 80 per cent. 

The stethogram is helpful in studying the rate, rhythm, and regularity of 
fetal heart sounds, the systolic and diastolic phases, murmurs, the uterine souffle, 
and fetal movements. The intensity of the fetal heart sounds depends upon the 
site at which the microphone is applied and upon maternal and fetal conditions. 
In most cases the second sound is louder than the first. As a rule, diastole is 
longer than systole, but in the presence of fetal tachycardia they may become 
equal. 

The electrocardiogram is valuable in the presence of positive tracings. ° The 
absolute diagnosis of fetal presentation is made by the fetal electrocardiogram. 
If the waves are negative, a vertex presentation is present; if positive, a breech 
presentation is present. In the presence of an equal systolic and diastolic phase, 
the first sound is recognized by its relationship to the R-wave of the fetal electro- 


cardiogram. 
AUTHORS. 
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Bayer, O., and Wasmuht, K.: The Duration of the Q-T Interval in Absolute Ar- 
rhythmia. Arch. f. Kreislaufforsch. 7: 309, 1940. 


The duration of electrical systole was measured in fifty-eight cases of myo- 
cardial disease with grossly irregular rhythm. In only nine instances was the 
duration of systole outside the expected range, and in only four of these was there 
no explanation for the lengthening. This study confirmed the constancy of the 
relationship of electrical systole to heart rate. This relationship is unchanged 
when the irregular heart action changes to a regular sinus rhythm. The most im- 


portant factor determining electrical systole is thus the heart cycle duration. 
KATZ. 


Dungern, M.: Alterations in Duration of Isometric Contraction, Ejection Time, 
Systole and Q-T Interval. Arch. f. Kreislaufforsch. 8: 52, 1941. 


After moderate exercise, the relative durations of electrical (Q-T) and 
mechanical (first to second sound) are shortened. (The use of the maximum 
amplitude of the first heart sound as the time at which ejection begins which 
the author employs is not always an accurate criterion. L. N. K.) 

After injection of Ca intravenously in therapeutic amounts, a slowing of rate 
and relative shortening of mechanical systole which is not so marked as the 


shortening of electrical systole occur. 
KATZ. 


Wendt, L.: S-T Depression as a Sign of Anaerobic Cardiac Metabolism. Arch. 
f. Kreislaufforsch. 8: 74, 1941. 


Anoxemia and insulin can cause an S-T depression. Stimulation of the vagus 
also causes an S-T depression. S-T depression is considered to indicate a de- 
crease in the potential energy of the heart with a decrease in oxidative and an 


increase in the anaerobic metabolism. (This is a lengthy, polemical discussion.) 
Katz. 


Albers, D., and Bedbur, W.: Physiological Variations in the Duration of the 
Ventricular Electrocardiogram. Arch. f. Kreislaufforsch. 8: 150, 1941. 


This is an analysis of the literature, and 2,000 electrocardiograms of the author’s 
were used in the study. The author considers that Q-T duration equals, on the 
average, 3.75 V eycle length, QRS = 0.92 V cycle length. S-T (from end of 
QRS to end of T) = 2.83 y eyecle length. S-T lengthens with age, the factor being 


0.004 (age—45). 
KATZ. 


Stroud, W. D., and Wagner, J. A.: Silent or Atypical Coronary Occlusion. Ann. 
Int. Med. 15: 25, 1941. 


The explanation of painless infarction is difficult. Possibly the symptoms 
which patients experience, such as swallowing, choking, gagging or dyspnea, may be 
pain equivalents. Possibly the nerve supply about the coronary vessels is dif- 
ferent; or are they members of the hyposensitive group described by Libman? 

From a therapeutic standpoint, it seems to be extremely important to be cog- 
nizant of the possibility of coronary occlusion and myocardial infarction in the 
absence of pain. Vagus symptoms of weakness, etc., in patients with hyper- 
tension or the onset of increased dyspnea, together with progressive failure in 
patients with previous mild failure, should make one alert to this serious con- 
dition. Putting the patient to bed and checking with serial electrocardiograms 


seem highly desirable. 
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The corollary may be equally true. Any patients with the typical pain of 
coronary insufficiency but no other suggestive clinical findings, even in the ab- 
sence of changing T-waves in the electrocardiograms, must be considered as pos- 
sible cases of coronary occlusion without myocardial infarction and treated ac- 
cordingly. This means total bed rest for a week or ten days as a myocardial in- 
farection might be developing. In these instances, clinical judgment is of much 


more importance than the electrocardiograms. 
AUTHORS. 


Laufer, S. T.: Subacute Myocardial Infarction or Necrosis. Canad. M. A. J. 45: 
236, 1941. 


Myoeardial necrosis without typical symptoms or an acute onset, which can 
be detected by delayed electrocardiographiec changes of coronary occlusion type, 
is described as a clinical entity under the title of subacute myocardial infarction 
or necrosis. 

The mechanism of its production and the clinical symptoms and signs, justify- 
ing it as an entity, are discussed. The symptoms are so atypical that the patient 
often continues his regular activities, to his own detriment. 

The delayed appearance of electrocardiographic changes are in accord with the 
clinical picture and may be discovered only accidentally some time later. 

The importance of a careful history in aiding the detection of cases of sub- 
acute myocardial infarction or necrosis is strongly stressed. 

A raised leucocyte count may be the only positive sign in the cases outlined. 

AUTHOR. 


Klemperer, P., Pollack, A. D., and Baehr, G.: Pathology of Disseminated Lupus 
Erythematosus. Arch. Path. 32: 569, 1941. 


Disseminated lupus erythematosus is founded morphologically on a well-defined 
series of alterations of the collagenous tissues. The characteristic organic changes, 
previously considered as heterogeneous, can now be understood as local man- 
ifestations of the widespread damage of collagen. Various concepts of lupus 
erythematosus as a disease with predominant localization in a single organ or as a 
diffuse disease of the peripheral circulation can be entertained no longer. 

AUTHORS. 


Gorenberg, H., and McCleary, J.: Rheumatic Heart Disease in Pregnancy. Am. 
J. Obst. & Gynee, 41: 45, 1941. 


Three hundred forty-five cases of pregnancy complicated by rheumatic heart 
disease are reported. 

Seventy-seven cardiac failures occurred in this group, an incidence of 22.3 per 
cent. It is possible to foretell fairly accurately which patient with heart disease 
will fail unless adequate bed rest is enforced. Several prognostic aids are offered. 

The functional capacity of the heart in the nonpregnant state is of great 
importance, 83 per cent of the failures occurring in the badly incapacitated 
groups, 2B and 3, while only 17 per cent of the failures were in the comparatively 
well-functioning Classes 1 and 2A. 

An equally important aid is the patient’s age; 42.6 per cent of the pregnancies 
in women over 30 years of age were complicated by cardiac failure as compared 
to 16.1 per cent in the group under 30. 

A third significant aid in prognosis is the presence or absence of a history of 
previous failure. Of those that decompensated before, 75 per cent had cardiac 
failure when pregnant as compared to a 14.1 per cent incidence of cardiac fail- 


ure in the previously compensated group. 
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The authors feel, therefore, that the patient whose measure of functional 
capacity places her in the relatively severe grades of heart disease, the cardiac 
patient who is more than 30 years of age, the cardiac patient who gives a history 
of previous decompensation, should be willing, if she wishes to assume the burden 
of pregnancy, to submit to frequent antenatal observations from the very begin- 
ning of her pregnancy and she must be willing and able to spend the greater part 
of the pregnancy at absolute bed rest if necessary. The number of pregnancies 
borne by women with rheumatic heart disease, in itself, is apparently of no 
consequence. The multigravid, however, will more commonly fall into one or 
more of the three groups mentioned above. 

The incidence of cardiac failure in pregnancy can be reduced markedly if 
the general principle of early and absolute bed rest is followed. The authors had 
two failures in their last 103 cases, and one of those was possibly preventable. 

Eighty per cent of the seventy-seven cardiac failures that were seen at this 
hospital occurred before the last month of gestation. Acute failure during labor 
is a rarity. Clinical experience follows very closely the physiologic, changes which 
indicate that pregnancy exerts a steadily increasing circulatory burden, beginning 
when the pregnancy begins and reaching a maximum during the eighth month. A 
lightening of this cireulatory load occurs during the period four to six weeks preced- 
ing delivery with a consequent clinical improvement. Therefore, it is unwise to 
resort to late pregnancy terminations and follow the general rule of allowing the 
gestation to go to term. 

Each pregnancy presents an individual problem in the management of labor. 
In this series, 8.4 per cent of the patients were delivered by the abdominal route 
and 91.5 per cent were delivered vaginally. Since the incidence of morbidity, as 
expressed by fever with its concomitant elevation in pulse rate, and the mortality 
rate are significantly higher following cesarean section, and since cardiae decom- 
pensation is a rare accident during labor, the ‘‘ burden of proof’’ lies with cesarean 
section. This consideration applies only to section for the cardiac condition per se. 
Patients who have had the benefit of treatment and go into labor well compensated 
may in general be handled on the basis of obstetric indication, essentially as though 
not suffering from heart disease. 

AUTHOES. 


Hannesson, H.: Tuberculosis of the Pericardium and Heart. Tubercle 22: 79. 
1941. 


Involvement of the pericardium by a contiguous or neighboring tuberculosis 
is not so rare as is generally supposed. Tuberculosis limited to the pericardium 
is rare. Invasion of the pericardium from tuberculosis of the pleura, mediastinum, 
or thoracic vertebrae is observed from time to time. In miliary tuberculosis 
tubercles may be demonstrated in the myocardium at autopsy although their 
presence cannot be detected clinically. 

Tuberculosis of the pericardium is usually a fatal disease, but, in the event that 
the tuberculous process in the pericardium and elsewhere in the body subsides, 
the mechanical effects on the heart are a result of pericardial healing. The in- 
flammatory process heals with resulting cohesion of the visceral and parietal 
layers of the pericardium, so that partial or complete obliteration of the sac oe- 
curs. This condition imposes extra work on the heart and results in cardiac hyper- 
trophy and in some cases in ultimate heart failure. 

If the pericarditis is extensive and particularly if there is an associated 
mediastinitis, the resulting fibrosis may greatly hamper the right auricle and the 
great veins, particularly the inferior vena cava, so that the return of blood to the 
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heart is partially obstructed. This results in congestion of the liver, which becomes 
chronic and causes recurrent ascites. This condition is called chronic mediastino- 
pericarditic pseudocirrhosis of the liver or Pick’s disease. 

Post-mortem statistics indicate that probably no serious disease is so frequently 
overlooked as one that affects the pericardium. Tuberculosis of the pericardium is 
not a rare condition. The terms anatomically primary and clinically primary tu- 
berculous pericarditis are unsatisfactory. The occurrence of anatomically primary 
tuberculous pericarditis is questioned. The pericarditis is probably always secondary 
to some other tuberculous lesion. Most instances of tuberculosis of the pericardium 
are due to a retrograde extension of the infection through the lymphatic channels 
from a mediastinal focus. In place of the term clinically primary tuberculous peri- 
carditis, it is suggested that cases of tuberculous pericarditis be divided into (1) 
those in which the pericarditis was the most important factor in the production of 
the clinical picture and (2) those which oceur during the course of a disseminated 
tuberculosis. 

Tuberculosis of the pericardium occurs most often in males over 40 years of 
age. The colored race appears to be more susceptible to the disease than the white 
race. The proof of the tuberculous nature of a pericardial effusion may be ex- 
tremely difficult to obtain. Inoculation of a guinea pig is often necessary. The 
prognosis of tuberculous pericarditis is bad. The mortality in two series reported 
in the literature is given as 83 per cent in both instances. Present methods of 
treatment of tuberculous pericarditis are unsatisfactory. In the healed state tuber- 
culous pericarditis presents the histologic picture of a nonspecific fibrous pericarditis. 
Pick’s disease has often been found to follow tuberculous pericarditis. Polyserositis 
is probably tuberculous in origin and is a condition associated with a high degree 
of immunity to the infection. Tuberculosis of the myocardium, endocardium, and 
blood vessels is rare. It is difficult to determine any exact relationship between pul- 


monary tuberculosis and diseases of the heart. 
AUTHOR. 


Koons, R. A., and Kissane, R. W.: The Incidence of Heart Disease in Children 
With Congenital Syphilis. Urol. & Cutan. Rev. 44: 673, 1940. 


The relative incidence of heart disease in congenitally syphilitic children closely 
approximates the incidence of congenital syphilis in known cardiac children. 

The incidence of heart disease in congenitally syphilitic children is too small to 
permit consideration of syphilis as an etiological factor in the production of con- 
genital heart disease. 

The association of rheumatic heart disease and congenital heart disease is 
incidental. 

Congenital syphilis can practically be disregarded as the etiological factor in any 


type of heart disease in children. 
AUTHORS. 


Friedman, M., Sugarman, H., and Selzer, A.: The Relationship of Renal Blood 
Pressure and Blood Flow to the Production of Experimental Hypertension. 
Am. J. Physiol. 134: 493, 1941. 


The renal hemodynamics and systemic blood pressure were studied following aortic 
constriction above and between the renal artery aortic orfices. 
It was found that renal ischemia is not necessary for the initiation or maintenance 


of a chronic (renal) experimental hypertension. 
AUTHORS. 
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Leary, T.: The Genesis of Atherosclerosis. Arch. Path. 32: 507, 1941. 


From the evidence accumulated and presented, the author points out that 
atherosclerosis in man and in the experimental rabbit is due to the presence of 
excess cholesterol esters within phagocytic cells, which first appear in the intima 
of the arterial wall. The cholesterol is esterified in the liver as directly observed 
in the experimental rabbit. The cholesterol when fed in excess to rabbits is deposited 
in the form of esters in the cells of the liver and adrenals. The esters as they 
accumulate in excess become a burden and are removed from these organs by 
Kupffer cells in the liver and their analogues in the adrenals. The cholesterol 
esters are engulfed as particulate matter by these cells. These cells, now lipoid cells, 
escape from the liver and adrenals through the blood and lymph systems and may 
produce obstruction in the lymph sinuses. The lipoid cells, having entered the blood 
stream, pass through the lung filter and selectively invade the arterial intima. This 
invasion is favored by stresses but is apparently dependent on a positive chemotaxis 
of the arterial wall for cells carrying cholesterol esters. The latent period after 
the beginning of cholesterol feeding in the rabbit and before aortic lesions appear 
is dependent on the production of esters in excess and their transport, as indicated 
in paragraphs 2 and 7 inclusive. The lipoid cells possess the power to split cholesterol 
esters and bring the substance into solution in an excess of fatty acids. The excess 
cholesterol esters are akin to silica in their irritant character. Both are difficult of 
metabolism, tend to stay long in tissues and stimulate a growth of connective tissue. 
The intravenous silica and cholesterol esters, practically alone among particulate 
matters, tend to cause in rabbits cirrhosis of the liver, enlargement of the spleen 
and changes in the kidneys resembling those of chronic ‘‘interstitial’’ nephritis. 
The human atheroclerosis is associated with intermittent accretions of excess 
cholesterol esters in contrast to the continuous accretions in the rabbit fed cholesterol. 
That the differences in the appearance of atherosclerotic lesions in the two species 
are due in great part to differences in the manner of feeding. Diffuse lipoidosis 
is more common in the experimental rabbit, partly for the same reason. 

The accepted criteria for the establishment of a causal relation between a given 
agent and a disease are embodied in Koch’s laws. Since animals are not susceptible 
to all human infections, or because evident parasites cannot be cultivated, or for 
other reasons, various compromises have been made with these postulates. However, 
the evidence of a casual relation is most complete when Koch’s laws can be satisfied. 

In the causation of atheroclerosis the principles of Koch’s laws can be fulfilled. 
Excess cholesterol is always present in the active stages of human atherosclerosis. 
It can be identified in the lesions as definitely as can the bacterial or other parasitic 
agents producing infections. It can be extracted from the lesions. Human arterial 
lesions can be reproduced experimentally by its use with more exactness than the 
lesions of many human infections can be reproduced by the introduction into 
susceptible animals of their recognized causal agents. It can be identified in and 
extracted from the experimental lesions. 

Stresses determine the localization of lesions and influence the degree of the 
sclerotic processes. The efficiency of cholesterol metabolism is modified by sex and 
thyroid factors. Age (time plus thyroid deterioration) and heredity are also con- 


tributing elements. 
AUTHOR. 


Schleicher, I.: The Story of the Coronary Arteries. Anatomy, Pathology, 
Physiology, and Functional Pathology. Arch. f. Kreislaufforsch. 8: 17, 1941. 
This is an historical review of the coronary arteries which assembles the earlier 

literature on this subject adequately but neglects to some extent recent American 


work on the subject. 
KAtTz. 
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Feil, H., and Beck, C. S.: Coronary Sclerosis and Angina Pectoris. J. Thoracic 
Surg. 10: 529, 1941. 


The authors present a follow-up report on patients who had vascularized grafts 
placed upon the heart for the purpose of producing a collateral blood supply to 
the heart. Of the thirty patients operated upon, thirteen (65 per cent of those 
surviving) were definitely improved. Their clinical symptoms were either com- 
pletely or almost entirely relieved, so that they could resume their previous 
occupations. Four patients (20 per cent of those surviving) were moderately 
improved, while in three instances (15 per cent of those surviving), there was in- 
consequential improvement. An anatomic study of three specimens was made. 
In one of these, the clinical result had been good and the specimen showed vascular 
anastomoses. In this group of twenty surviving patients, the high percentage of 
patients showing great improvement is not only significant but encouraging. This 
statement may be emphasized because all of these patients were seriously disabled 


before the operation. 
AUTHORS. 


Reid, L. C.: Anesthesia in Relation to Cardiac Disease. Anesthesiology 2: 161, 
1941. 


All anesthetic agents and most alkaloids inhibit the enzymes, dehydrogenases, 
which form such an important link in the chain of events which gives rise to the 
production of energy by the cell. This accounts, in part at least, for the hyper- 
glycemia during anesthesia as well as decreased carbon dioxide build-up and various 
degrees of failure of cellular function. 

A high vitamin B content in the diet is necessary to assure an adequate supply 
of respiratory carriers such as flavoprotein, and nicotinic acid amide, as well as 
thiamin. Accordingly, the diet, preoperatively, becomes of the greatest importance 
to the anesthetist. 

Irritation of the respiratory tract or esophagus may set up vagovagal reflexes with 
resulting derangement of cardiac and respiratory activity, and all such contemplated 
procedures, as the introduction of tubes, catheters, etc., should be covered by adequate 
preoperative therapy to minimize or actually prevent the undesirable reactions 
potentially present in autonomic reflexes. 

Every operative case during the menopause which shows any cardiac symptoms 
or signs, or electrocardiographic findings suggestive of cardiac lesions, should have 
the benefit of an adequate course of estrin substitution therapy. 

AUTHOR. 


Lindner, E., and Katz, L. N.: Further Observations on the Action of Drugs on the 
Caliber of Coronary Vessels. J. Pharmacol. & Exper. Therap. 72: 306, 1941. 
The digitalis derivatives, K-strophanthin, ouabain and digifoline at times have 


a direct coronary constrictor action even in therapeutic doses. 


Metrazol and glucose are mild, direct coronary dilators. 

Calcium gluconate, in contrast with the chloride salt which is a powerful dilator 
of the coronary vessels, does not cause any constant or striking change in coronary 
caliber except that a mild dilatation occurs with large doses. 

Aminophyllin and caffein sodium benzoate are consistently direct coronary dilators, 
the aminophyllin being the more powerful. 
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Papaverine hydrochloride is a powerful long-lasting direct coronary dilating 
agent. This and its tendency to prevent ventricular fibrillation probably explain its 
clinical benefits. 

AUTHORS. 


Riseman, J. E. F., and Linenthal, H.: The Prolonged Use of Enteric-Coated 
Tablets of Theobromine Sodium Acetate in the Treatment of Edema and Angina 
Pectoris. New England J. Med. 224: 933, 1941. 


Enteric-coated tablets of theobromine sodium acetate and theophylline sodium 
acetate are now available, which make it possible to give therapeutically adequate 
doses of these drugs over long periods. By this means, the necessity of intravenous 
administration of diuretics may be obviated or decreased in certain patients with 
heart disease or nephritis, and the frequency and severity of attacks of angina 
pectoris may be diminished. When the drugs have been given continuously for a long 
time, no untoward effects have been observed except for occasional slight gastric 
discomfort. The optimum dosage for most patients appears to be 0.5 Gm. of enteric- 
coated theobromine sodium acetate, or 0.2 Gm. of enteric-coated theophylline sodium 
acetate, given four times daily, before meals and before retiring. Adequate dosage 
is necessary; in angina pectoris it is especially important to administer a dose of the 
medication bef@re retiring. 

AUTHORS. 


Wedd, A. M., Blair, H. A., and Dwyer, G. K.: The Effect of Digoxin on the 
Cold Blooded Heart and Its Bearing on the Mechanism of Digitalis Action. JJ. 
Pharmacol. & Exper. Therap. 72: 394, 1941. 


The effect of digoxin has been studied 6n spontaneously beating strips of auricle 
from the frog, Rana pipiens, and the turtle, Pseudomys elegans, and rhythmically 
driven strips of ventricle from the turtle. The spontaneous rhythm was usually slowed 
markedly by the drug. Measurements were made on the driven strips of the Q-T 
interval, the conduction time, the maximal tension, the duration of systole, the 
effect of a single short diastole on the ensuing Q-T, the effect of different rates on 
Q-T, the relation of Q-T to the duration of systole and variations of the threshold 
to electric stimuli. Mechanical systole is proportional to electrical systole, and both 
are invariably shortened by the drug. The shortening is less at higher rates of 
beating because the Q-T of a given tissue cannot be shortened beyond a certain 
limit, either by single early beats or rapid driving, and this limit is the same with 
or without the drug. Since the refractory period which is equal to Q-T is shortened 
by the drug and the threshold does not regularly change markedly, the slowing action 
of the drug is ascribed to the slowing of the development of excitation at the pace- 
maker region. Slowing of conduction usually occurred but later than Q-T changes. 
Tension increases were irregular and, when seen, occurred early. The amplitude of 
contraction may be independent of the duration of systole and the diastolic interval. 
The possible significance of the shortening of systole for the therapeutic action of 
digitalis was discussed briefly. It seems reasonable to suppose that the final action 
of digitalis is related to the lengthened diastole which it produces. There is reduc- 
tion in the maintenance energy requirement, and longer time for recovery from con- 


traction is given. 


AUTHORS. 
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Cattell, M., and Gold, H.: Studies on Purified Digitalis Glucosides. III. The Rela- 
tionship Between Therapeutic and Toxic Potency. J. Pharmacol. & Exper. 
Therap. 71: 114, 1941. 


The relative potency with regard to both therapeutic and toxie effects on isolated 
papillary muscles from the cat have been determined for the following glucosides: 
ouabain (Merck), digitoxin (Merck), digitaline (Laboratoire Nativelle), lanatoside 
A (Sandoz), lanatoside B (Sandoz) and lanatoside C (Cedilanid, Sandoz). 

The minimum concentration of ouabain and digitoxin, i.e., that causing increased 
foree of contraction in 50 per cent of experiments (therapeutic effect) is 1 part in 
100 millions of Locke’s solution; for the lanatoside compounds it is approximately 
1 part in 10 millions. 

When the concentration of any of the glucosides is sufficiently increased, toxic 
effects are produced, including extra contractions, loss of excitability, and diminished 
foree of contraction. 

The ratio of the concentrations producing therapeutic and toxie effects is the 


same for ‘‘digitaline nativelle’’ and ouabain. There is also similarity among the 
several lanatoside glucosides studied, and thus by this technique we have not been 
able to confirm the wide margin between the therapeutic and toxic dose reported 
by Moe and Visscher for lanatoside C. 

Ouabain and ‘‘digitaline nativelle’’ both give a slightly higher value for the 
ratio of toxic to therapeutic concentration in comparison with the lanatoside com- 
pounds. The evaluation of the significance of this finding must await further evi- 
dence. 

The available evidence pertaining to the questions of differences in the relation- 
ship between toxic and therapeutic doses among different glucosides is discussed, 
and the conclusion is reached that proof of the existence of such differences is still 
wanting. 

AUTHORS. 


Boyd, L. J., and Scherf, D.: The Electrocardiogram in Acute Emetine Intoxica- 
tion. J. Pharmacol. & Exper. Therap. 71: 362, 1941. 


The alterations of the electrocardiogram after the intravenous administration 
of emetine hydrochloride were studied in dogs and eats. 

Disturbance of intraventricular conduction is the most common change observed 
under these circumstances. Bradycardia and prolongation of atrioventricular con- 
duction time develop regularly, but they are not pronounced. 

If the intravenous dose does not exceed 37 mg. in dogs weighing 5 to 9 kg., 
the electrocardiographic alterations gradually disappear within forty-five minutes. 
Cardiac dilatation, especially involving the right ventricle, the development of 
which is simultaneous with the ventricular conduction disturbances, also vanishes 
within the same period. 

The action of emetine is cumulative since much more pronounced effects re- 
sult from the second or third injection of an equal amount of the drug although 
the normal electrocardiogram had been restored. 

The most common arrhythmias to develop are auricular extrasystoles and auricular 
tachycardias. Alternation of the ventricular complexes is frequently observed during 
the tachycardia. Advanced stages of intoxication are required for the production of 
ventricular extrasystoles. Heart block with dropped beats was encountered only in 


eats. 
AUTHORS, 
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Hildebrandt, F.: The Action of Strophanthin on the Blood Vessels. Arch. f. 
Kreislaufforsch. 8: 137, 1941. 


This is a summary of recent literature including studies published by the 
author. The decrease in cardiac minute output is due to constriction of the blood 
vessels in the skeletal muscles and gut and of the veins leaving the liver. The 
constriction of the renal vessels is less marked and fleeting. The cerebral vessels 
dilate. The coronary vessels constrict if the heart is not damaged but dilate when 
it is damaged and this dilatation parallels the work of the heart. 

Katz. 


In Memoriam 


W. HAMBURGER 
1881-1941 


Walter Wile Hamburger was born in Chicago on September 10, 1881, 
the son of Max and Annette (Wile) Hamburger. He received his B.S. 
degree at the University of Chicago in 1903, his M.S. in 1904, and his 
M.D. degree at Rush Medical College in 1906. He served his internship 
at the Presbyterian Hospital, in Chicago, from 1907 to 1908. The follow- 
ing fourteen months (1908-1909) Dr. Hamburger did postgraduate 
study in pathology and internal medicine in Berlin, Munich, and Vienna, 
ineluding the elinie of Friedrich Kraus at the Charity Hospital, Berlin, 
and the clinie of Friedrich Mueller, in Munich. He was assistant to the 
late Dr. Frank Billings for three years, and then began the private prac- 
tice of medicine, specializing in internal medicine. 

Dr. Hamburger was Assistant Clinical Professor in Medicine at Rush 
Medical College from 1914 to 1934, and was Clinical Professor of 
Medicine at the University of Chicago from 1934 to the time of his death. 
He was a member of the Staff of Cook County Hospital from 1913 to 
1926. He was Attending Physician at Michael Reese Hospital from 
1912 to 1925, and then became Senior Attending Physician. He was 
Chief of Staff of Michael Reese Hospital during the years 1928 and 
1929. He was a Major in the Medical Corps, United States Army, from 
1917 to 1919, and was Chief of the Medical Service of the Base Hospital 
at Camp Zachary Taylor, Louisville, Kentucky. 


Dr. Hamburger, in 1915, became a Charter Member of the Institute of 
Medicine of Chicago and served on its Executive Committee and Board 
of Governors until the time of his death. He was a member of the 
American Society for Clinical Investigation, the Society for Experi- 
mental Biology and Medicine, the Central Society for Clinical Research, 
and the American Board of Internal Medicine. He was a member of the 
Board of Public Health Advisors of the Illinois State Department of 
Public Health, and was an emeritus member of the Association of 
American Physicians and of the Chicago Society of Internal Medicine. 
He belonged to the American Medical Association, the Chicago Medical 
Society, and the Illinois State Medical Society, and was on the Advisory 
Board of Psychosomatic Medicine. He was a member of Sigma Xi, 
Phi Beta Kappa, and Alpha Omega Alpha. 

850 
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Dr. Hamburger married Edna Levis, of St. Louis, Missouri, December 
27, 1911, and is survived by her and their two children, Mrs. Elizabeth 
H. Ries and Dr. W. W. Hamburger, Jr. 


WALTER W. HAMBURGER 


Dr. Hamburger played a leading role in determining the policies of 
the Michael Reese Hospital; his was the primary responsibility for the 
conception, establishment, and growth of its Cardiovascular Department, 
and he gave this project constant and unqualified support, though quietly 
keeping in the background. He was associated with many other cardiac 
activities in his community. He was formerly Vice-President and later a 
member of the Board of Governors and the Executive Committee of the 
Chicago Heart Association. He was a member of the Medical Advisory 
Board of the Sunset Camp for Convalescent Cardiae Children. 

His interest in heart disease was evident in his publications. He con- 
tributed over 100 articles on internal medicine to medical journals, with 
particular reference to the heart and circulation. He was the author of 
a chapter on ‘‘Cardiae Arrhythmias’’ in Cecil’s Textbook of Medicine, 
and of the chapter on ‘‘Gastro-Intestinal Manifestations of Cardio- 
vascular Disease’’ in Portis’ Diseases of the Digestive System. Dr. 
Hamburger was a member of the American Heart Association, in which 
he held the office of Treasurer, and was a member of the Executive Com- 
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mittee for many years; until 1938, he served on the Advisory Editorial 
Board of the AMERICAN Heart JOURNAL. 

The sudden and unexpected death of Dr. Walter W. Hamburger came 
as a shock. It deprived the medical profession of an outstanding practi- 
tioner who was devoted to his patients, a courageous supporter of 
advances in medicine and public health, a scholar who placed on record 
many contributions which are notable for their modesty and scientific 
spirit. His absence will be noticed particularly in the field of cardiology, 
to the advancement of which he contributed greatly and in many ways. 

The loss of Dr. Hamburger seems irreparable, but those of us who were 
his friends console ourselves that the spirit of this gentle, lovable, and 
scholarly man will live on. 

Louis N. Karz. 


KAREL FREDERIK WENCKEBACH 
1864-1940 


A short time ago news arrived from Vienna, rather belatedly, that 
Karel Frederik Wenckebach had died last winter at the age of 76. A 
great physician, a distinguished scientist, a stimulating teacher, a cul- 
tured scholar had passed away. 

The imperishable memorial built upon the scientific studies of Wencke- 
bach constitutes an eloquent testimonial of the lasting imprint which he 
stamped upon medicine. Since his scientific achievements are known to 
every reader of this journal, an attempt to evaluate the significance of his 
contributions to cardiology would be superfluous. It seems more fitting 
in these lines, devoted to a commemoration of Wenckebach, to describe 
briefly some features of his development and to delineate some traits of 
his personality. 

Born in The Hague, Wenckebach studied medicine at Utrecht, where 
he became engaged in the study of embryology and hematology. The 
discovery that he was color-blind necessitated a change in his life plan. 
He turned to physiology, and spent many hours in the laboratory of 
Engelmann, who, at this time, was employing ‘‘the method of extra- 
systole’’ in studies of the fundamental properties of the heart. The 
opportunity to observe these frog experiments proved decisive in 
Wenckebach’s further development. 

Subsequently, economic circumstances compelled him to leave the Uni- 
versity and enter practice in a small Dutch village. Wenckebach often 
referred to this period with great satisfaction, and emphasized the diver- 
sity of problems which a country practitioner encounters and the diffi- 
culties under which they must be solved. Among his daily duties was 
supervision of the medical care in a home for the aged. This was 
extremely fortunate, for many of the charges had disturbances of cardiac 
rhythm. One day, while auscultating a patient, Wenckebach found a 
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strange arrhythmia which reminded him of the irregular movements of 
the lever he had seen so frequently in Engelmann’s laboratory. Wencke- 
bach loved to relate how the patient had told others in the ward that 
“‘the doctor had fallen asleep on my chest,’’ for Wenckebach had 
listened for an unusually long time to that heart. An analysis of 
sphygmograms recorded on this and other patients permitted Wencke- 
bach to describe extrasystoles for the first time in man (1898). His 
discovery of periodic dropped beats, often called Wenckebach’s periods, 
followed soon thereafter. Their recognition by an analysis of sphygmo- 
grams is likewise a remarkable achievement when one recalls the crude 
apparatus then available. This work was followed by a study of pulsus 
alternans, and, in 1903, the first complete description of his research 
appeared in the form of a monograph. 


KAREL FREDERIK WENCKEBACH 


Two years earlier Wenckebach had given up his practice to accept a 
position at the University of Groningen, in Northern Holland, where 
he was entrusted with the direction of the medical division. 

During the succeeding years his scientific development was profoundly 
influenced by the friendship of Sir James Mackenzie and Sir Arthur 
Keith. For example, by means of venous pulse tracings, registered with 
the Mackenzie technique, he discovered the first cases of dropped beat 
when conduction time remained fixed (1906). The Keith influence is 
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reflected in his work during the next four vears, which were devoted 
to important investigations of the interrelation between circulation and 
respiration and to his classical study of pericarditis with effusion and 
adhesive pericarditis. 

In 1911, Wenckebach was appointed Head of the Department of 
Medicine at the University of Strassburg, and, in 1914, he accepted the 
responsibility for the First Medical University Clinie in Vienna. He 
remained in this post until his voluntary retirement from official duties, 
at the age of 65, in 1929. 

In 1914 a completely revised edition of his famous book appeared. 
Actually, it was practically a new work, and more important than its 
predecessor. During the same vear he published a report of the bene- 
ficial effect of quinine in certain arrhythmias which established the 
clinieal basis for this and allied compounds in ecardiae therapeutics. 
With characteristic honesty, Wenckebach acknowledged that he became 
aware of the effect of quinine on disturbances of stimulus formation 
when one of his patients made the suggestion after careful self-observa- 
tion. Although the second edition of his book contained many funda- 
mental observations on various important arrhythmias, there was only 
one electrocardiogram in it. This was the last important book dealing 
with disturbances of cardiac rhythm based exclusively upon smoked- 
paper tracings. 

Fully aware of the importance of electrocardiography, Wenckebach 
decided to obtain the assistance of Winterberg in the preparation of a 
new edition of his book. Six years were occupied in its preparation, and 
the monumental volume, The Irregular Action of the Heart, was pub- 
lished in 1927, with Winterberg as coauthor. 

The case histories shown to him by his pupil Aalsmeer aroused 
Wenckebach’s interest in the circulatory disturbances encountered in 
beriberi. The resultant scientific expedition to the Dutch East Indies 
accomplished much, and the observations were published in a monograph. 
These observations constituted the foundation for the recognition of non- 
tropical beriberi as it is seen in the United States. 

It will be noted that his list of publications is not long, but each 
represents a distinct contribution. He objected decidedly to the writing 
of superfluous scientific papers, which he regarded for the most part as 
‘“nseudoscientifie secretion,’’ to employ his own term. 

As Professor of Internal Medicine and Head of the First Medical 
Clinic, he brought this institution to its high position and did much to 
enhance its reputation as one of the outstanding European medical 
centers. He was a master of physical diagnosis. This quality, combined 
with his deep insight into human character, his tact, and a thoroughly 
optimistic attitude, made him one of the best known consultants on the 
continent. His practice extended far beyond the borders of little post- 
war Austria. In his clientele were found many of the important figures 
who guided the destiny of their respective countries. 
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Presumably some of these facts influenced his attitude toward ‘‘full- 
time teachers,’’ for he was accustomed to emphasize the great importance 
of private practice for the research worker and for those entrusted with 
the teaching of medical students. He believed that private practice pro- 
vided a more ample opportunity to study material and a wider range of 
material than is available to the physician who limits his activities to 
hospitalized patients. 

It was rather typical of Wenckebach that each new patient im- 
mediately awakened a great interest, and the subsequent therapeutic 
success pleased him like a new result, although he had seen it happen 
thousands of times. This optimism, his real joy in therapeutic accom- 
plishment, and his unusual charm, coupled with a complete lack of 
affectation or ostentation, immediately impressed everyone in contact 
with him. 

It was one of his great regrets, to which he often gave voice, that he 
had been unable to accept an invitation of Sir William Osler to visit the 
United States. In 1923, however, he was asked to deliver the Harvey 
Lecture in New York and the Herter Lecture in Baltimore. He utilized 
this opportunity to visit many of his American friends and to study 
many medical institutions in this country. His impressions were pub- 
lished in an interesting paper, ‘‘What We Can Learn From America’’ 
(Wien. klin. Wehnschr. 37: 217, 1924). Reference may be made to one 
point touched upon in that paper. He recognized the rapidly increasing 
importance of American developments in medicine, and, in an almost 
prophetic manner, urged his colleagues to added scientific efforts lest 
medicine in Vienna lag behind and become outdistanced by American 
medical achievements. 

Wenckebach’s life was a happy one. His rise from an obscure general 
practitioner in an unimportant village to one of the highest medical 
positions in Europe was well deserved. It was his good fortune, while 
still in the prime of life, to become one of the most famous physicians 
of Europe, and to see his scientific work recognized among fellow 
workers, as evidenced by honorary memberships in some of the most 
distinguished medical societies in the world. It was fortunate that he 
was permitted to serve humanity so long and so fruitfully. It was also 
a happy circumstance that he was able to continue his activities almost to 
the end of his long life. Although afflicted with a disease characterized 
by a prolonged and painful course, the closing phase was marked by 


serenity and peace. 
Davip SCHERF. 
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